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Dear Sir: 

In response to the Notice of Abandonment and Interview 
Summary mailed April 7, 2004, Applicants respectfully petition 
that the Notice of Abandonment is improper and should be 
withdrawn. Applicants respectfully request withdrawal of the 
Notice of Abandonment and entry of the Response of September 16, 
2003 and Information Disclosure Statement of September 16, 2003. 



Response to June 18, 2003 Office Action 

Applicants responded timely to the Office Action mailed June 
16, 2003. Applicants mailed an Amendment under 37 C.F.R. §1.111 
and an Information Disclosure Statement on September 16, 2003. 
Applicants have attached these documents to this communication. 
In addition, Applicants have attached the Certificate of Mailing 
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Under 37 C.F.R. §1.8 signed by Katrina Mears, Intervet Patent 
Department Administrator. 

Applicants respectfully submit that a Response was filed 
timely. 

Interview Summary Analysis 

Applicants respectfully address the contents of the 
Interview Summary. On March 10, 2004, Examiner Kwon contacted 
Applicants' representative and inquired about a response to the 
June 18, 2003 Office Action. Applicants can document the date of 
March 10, 2004 because Applicants 7 representative responded to 
the inquiry by resending the Applicants' response to the June 18, 
2004 Office Action. 

Attached to this communication is the Response to Examiner 
Telephone Communication that was sent March 10, 2004 to the USPTO 
by facsimile. Applicants include the facsimile history report 
that shows that at 5:09 pm March 10, 2004 a facsimile was sent. 

Therefore, the Interview Summary is incorrect that March 14, 
2004 was a date of communication. Applicants would also note 
that on April 1, 2004, the second day of communication, 
Applicants' representative was attending the ABA-IPL CLE course 
in Washington D.C. and did not receive the voice mail message 
until his return to the Office in Millsboro, DE on April 5, 2004. 
Applicants' representative contacted Examiner Kwon early April 
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5, 2004 to report that a second response was filed March 10, 
2 004, but the Examiner reported that the instant Notice of 
Abandonment had already been mailed. 

Therefore, Applicants did respond to both inquiries by the 
Examiner. Applicants believe they have been diligent in pursuing 
this application and that the Notice of Abandonment does not 
reflect any inaction taken by Applicants. 

Applicants respectfully request that the abandonment be 
withdrawn and the Information Disclosure Statement and Response 
filed September 16, 2003 be considered, because, in fact, they 
were timely filed. 

Patent Term Extension 

Applicants respectfully request that any lost patent term 
due to this improper abandonment be added at the issuance of the 
patent grant. Applicants believe the time lost should be 
calculated from the September 16, 2003 day of our timely response 
to the time this petition is granted and the application is 
examined by the Examiner. 

Conclusion 

Applicants filed the response timely and respectfully request 
the Examiner to consider the attached 37 C.F.R. §1.111 Amendment 
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and Information Disclosure Statement. 

If the Examiner believes for any reason that personal 
communication will expedite prosecution of this application, the 
Examiner is invited to telephone the undersigned at (302) 934- 
4395, in Millsboro, Delaware. 

Applicants believe the instant improper abandonment is no 
fault of applicants; thus no fee should be charged to revive. 
However, to avoid this petition being dismissed, please charge the 
petition fee of $130 as required by 37 C.F.R. §1.17 (h) to Deposit 
Account No. 02-2334. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and further replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2334 for any additional 
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fees required under 3 7 C.F.R. §1.16 or under 3 7 C.F.R. §1.17; 
particularly extension of time fees. 



Respectfully submitted, 




Mark W. Milstead 
Associate Patent Counsel 
Registration No. 45,825 



Akzo Nobel Patent Department 

Intervet Inc. 

405 State Street 

P.O. Box 318 

Millsboro, DE 19966 

Tel: (302) 934-4395 

Fax: (302) 934-4305 

Enclosure: 37 C.F.R. §1.111 Amendment 9/16/2003 

Information Disclosure Statement 9/16/2003 
Response to Examiner Communication 3/10/2004 
Copy of Notice of Abandonment 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



4- 



on- 



Date 
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each submitted paper. 
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process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.8 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
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ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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CERTIFICATE OF FACSIMILE TRANSMISSION 

I hereby certify that this paper is being facsimile transmitted to the Patent 
and Trademark Office onv^he dare shown below. 

BY: MjtrL V. UUkLfl. 

Date: / ~>/l& f?L.60i- ( 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the application of: 
NICKOLSON, Victor 

Serial No.: 10/089,542 Group: 1614 

Filed: March 29, 2002 Examiner: B. Y. S. Kwon 

For . DRUG COMBINATION FOR THE TREATMENT OF HEADACHE 

COMPRISING A NON-STEROIDAL ANTI- INFLAMMATORY DRUG 

RESPONSE TO EXAMINER TELEPHONE COMMUNICATION 

Honorable Commissioner of Patents March 10, 2004 

Alexandria, VA 22313 

Sir: 

In response to the telephone conversation of March 10, 2 004, 
Applicants respectfully submit the following documents in 
connection with the above -identified application. 



Response to June 18, 2003 Office Action 

Applicants responded timely to the Office Action mailed June 
16, 2003. Applicants mailed an Amendment under 37 C.F.R. §1.111 
and an Information Disclosure Statement on September 16, 2 003. 
Applicants have attached these documents to this communication. 
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In addition, Applicants have attached the Certificate of Mailing 
Under. 37 C.F.R. §1-8 signed by Katrina Mears, Intervet Patent 
Department Administrator. 

Applicants respectfully submit that a Response was filed 
timely. 

Conclusion 

Applicants filed the response timely and respectfully request 
the Examiner to consider the attached 37 C.F.R. §1.111 Amendment 
and Information Disclosure Statement. 

If the Examiner believes for any reason that personal 
communication will expedite prosecution of this application, the 
Examiner is invited to telephone the undersigned at (302) 934- 
4395, in Millsboro, Delaware. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and further replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2334 for any additional 
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fees required under 37 C.F.R. §1.16 or under 37 C.F.R. §1.17; 
particularly extension of time fees. 



Intervet Inc . 
Patent Department 
P.O. Box 318 
Millsboro, DE 19966 
Tel: (302) 934-4395 
Fax: (302) 934-4305 

Enclosure: 37 C.F.R. §1.111 Amendment 



Respectfully submitted, 




Associate Patent Counsel 
Registration No. 45 , 825 



Information Disclosure Statement 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the application of: 
NICKOLSON, Victor 

Serial No.: 10/089,542 Group: 1614 

Filed: March 29, 2002 Examiner: B. Y. S. Kwon 

For- DRUG COMBINATION FOR THE TREATMENT OF HEADACHE 

COMPRISING A NON-STEROIDAL ANTI - INFLAMMATORY DRUG 

AMENDMENT UNDER 37 C.F.R. §1.111 

Honorable Commissioner of Patents September 16, 2003 

Alexandria, VA 22313 

Sir: 

In response to the outstanding Office Action mailed June 18, 
2003, Applicants respectfully submit the following amendments and 
remarks in connection with the above- identified application. 



Attorney Docket NO. 0/2 000. 551 US 

In the Claims 

1.' (Previously Amended) A pharmaceutical composition, 
comprising: 

paracetamol or a non-steroidal anti- inflammatory drug, or a 
pharmaceutically acceptable salt or solvate thereof, 

mirtazapine, or a pharmaceutical^ acceptable salt or 
solvate thereof, .and 

optionally in association with one or more pharmaceutically 
acceptable carriers. * 

2. (Previously Amended) The pharmaceutical composition 
according to claim 1, wherein said non-steroidal anti- 
inflammatory drug is selected from the group consisting of 
aceclofenac, antipyrine, acetylsalicylic acid, benoxaprof en, 
butibufen, caprofen, celecoxib, diclofenac, dipyrone, etodolac, 
flosulide, flurbiprofen, FR 140423, ibufenac, ibuprofen, 
indomethacin, ketoprofen, ketorolac, lornoxicam, loxoprofen, 
lysine clonixinate, M-5011, meclofenamic acid, meloxicam, 
metiazinic acid, nabumetone, naproxen, NS-398, numesulide, 
oxyphenbutazone, D-penicillamine, phenylbutazone, piroxicam, 
pyrazolone, rofecoxib, salsalate, salicylate, SC-58236, SC58560, 
sulfasalasine, sulindac, tiaprofenic acid, tenidap, tenoxicam, 
tepoxalin, tolfenamic acid, tolmetin and zaltoprofen. 



(Currently Amended) The pharmaceutical compositi 
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according to claim 2, wherein said non-steroidal anti- 
inflammatory drug is ibuprof on ibuprof en . 

4-8. (Canceled) 

9. (Previously Amended) A method for treating a headache in 
a subject, comprising: 

administering to said subject an - effective amount of 
mirtazapine in combination with paracetamol or a non-steroidal 
anti- inflammatory drug. 

10. (Previously Amended). A method of treating a headache in 
a subject according to claim 9, wherein the amount of mirtazapine 
is between 0.1 and 5 mg. 

11. (Previously Amended) The method of treating a headache 
in a subject according to claim 9, wherein the headache is a 
tension-type headache. 

12 . (Previously Amended) A patient pack for the treatment of 
a headache, comprising: 

- means for administration of metered dose units in 
combination with packaging material suitable for said dose units, 
wherein the patient pack comprises mirtazapine, and paracetamol 
or a non-steroidal anti -inflammatory drug, and optionally, said 

s 
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packaging material is including means to help a recipient using 
the dose units most suitably for the treatment of a headache. 

13. (Previously Amended) The patient pack according to claim 
12, wherein the dose units comprise pharmaceutical auxiliaries 
and mirtazapine in an amount between 0.1 and 5 mg. 

14. (Previously Added) A method of treating a headache in a 
patient, comprising: 

administering an effective amount of the pharmaceutical 
composition according- to claim 1. 

15. (Previously Added) The method according to claim 14, 
wherein the effective amount of the pharmaceutical composition 
comprises about 0 . 1 to 5 mg of mirtazapine. 

16. (Previously Added) The method according to claim 14, 
wherein the headache is a tension-type headache. 

17. (Previously Added) The method according to claim 14, 
wherein the effective amount of the pharmaceutical composition 
comprises about 0.1. to 5 mg of mirtazapine and wherein the non- 
steroidal anti -inflammatory drug is ibuprofen. 

18. (NEW) The pharmaceutical composition of claim 1, wherein 



Attorney Docket NO. O/2000.551 US 
mirtazapine is chiral s(+) enantiomer. 

19. (NEW) .The method of claim 9, wherein mirtazapine is 
chiral S(+) enantiomer. 
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REMARKS 

Upon entry of the above amendment, claims 1-3 and 9-19 will 
be pending. Claims 1, 9, and 12 are independent claims. 

Applicant has amended claim 3 to correct a typographical 
error. The specification on page 3 provides support for new 
claims 18 and 19." Applicant has not raised any issue of new 
matter. 

Priori ty 

The Examiner asserts that Applicant has not filed a 
certified copy of the EP 00201239.1 application as required by 35 
U.S.C. §119(b). Applicant has filed the proper documents with 
WIPO. Applicant has attached a copy of Form PCT/IB/3 04 that 
indicates that Applicant has filed the priority document on July 
9, 2001. 

Applicant respectfully requests the Examiner to WIPO to send 
a copy of the priority document. 

Issue Under 35 U.S.C. §103 (a) 

Claims 1-3 and 9-17 stand rejected under 35 U.S.C. §103 (a) 
as being unpatentable over Lange et al (Drugs under Experimental 
and Clinical Research, 1995, 21(3), 89-96) in view of Olsen *674 
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(WO 9819674) . Applicant asserts that patentable distinctions 
exist between the cited prior art and the present invention. 



Distinctions Between the Present Invention and Lange et al in 
view of 01 sen '674 

Lange et al discloses the safety and efficacy of treatment 
of tension- type headache with either ketoprofen or ibuprofen. 
Lange et al . fails to disclose a pharmaceutical combination of a 
NSAID with any other pharmaceutical compound. 

Olsen '674 discloses on page 32, lines 7-13 that mirtazapine 
"may also have an effect on glutamine neurotransmission, 
potentially as non-competitive NMDA receptor antagonists. It is 
through this mechanism that [mirtazapine is] presumed to provide 
a method of treatment of tension-type headaches." The only 
demonstrated anti-headache effects in Olsen '674 are with L-NMMA 
(page 74-75) , Gabapentin (page 91) and Dextromethorphan (page 
93) . Olsen 4 674 provides no mechanistic or structural relation 
between the exemplified drugs and mirtazapine. 

Olsen *674 fails to provide any data to support its 
assertion; therefore, Olsen '674 is merely speculating as to the 
action of mirtazapine and many other compounds. For example as 
to the speculation within Olsen *674, Applicant directs the 
Examiner to speculative claim 14 where Olsen *674 appears recite 
every possible mechanistic relationship without any support. 
More importantly, Olsen '674 fails to disclose any combination 



Attorney Docket NO. 0/2 000. 551 US 
composition for treatment of headaches containing mirtazapine and 
* ■ a NSAID. 

The Examiner asserts that a skilled artisan would combine 
the two cited references to render the present invention obvious 
because both compounds are "known" treatments of tension- type 
headaches. As indicated above, Olsen '674 only speculates that 
mirtazapine might * provide a treatment, but provides no actual 
support for its assertion. Neither reference discloses or 
suggests combination treatments with mirtazapine. In .addition, 
neither reference suggest the dosage range of 0.1 to 5mg as 
claimed in claims 10, 13, 15 and 17. 

The Examiner must present a prima facie case of obviousness 
consisting of motivation or suggestion to modify or combine 
references such that one of ordinary skill in the art has a 
reasonable expectation of success of making the present 
invention. "To prevent the use of hindsight based on the 
invention to defeat patentability of the invention, this court 
requires the examiner to show a motivation to combine the 
references that create the case of obviousness. In other words, 
the examiner must show reasons that the skilled artisan, 
confronted with the same problems as the inventor and with no 
knowledge of the claimed invention, would select the elements 
from the cited prior art references for combination in the manner 
claimed. In re Rouffet , 149 F.3d 1350, 1357, 47 U.S.P.Q.2d 1453, 
1457-58 (Fed. Cir. 1998) . 

s 
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Clearly, cited 'prior art fails to motivate a skilled artisan 
to make the present pharmaceutical combination of mirtazapine and 
a NSAID. 

Applicant respectfully requests withdrawal of the 35 U.S.C. 
§103 (a) rejection. 

Concurrently Filed Information Disclosure Statement 

Applicant has filed an IDS concurrently with this amendment 
and remarks. Applicant believes that these references are - not 
relevant as to the patentablity of the present application. Two 
of the references are self -explanatory. The Demling reference is 
in German and discusses mainserin andd its efficacy against 
tension headaches. See page 72, left column "war Mianserin gegen 
Spannungskopfschmerzen. " Mirtazapine is discussed as a related 
compound, but it is stated that there is considerable distinction 
in pharmacological properties. See page 72, middle column "ein 
erheblicher Unterschied zwischen beiden Verbindungen in der 
Verteilung der Elektronediche und damit auch in den 
pharmkologischen Eigenschaf ten. " Applicants can^ prepare an 
English translation, if the Examiner deems it necessary. 

Conclusion 

All the stated grounds of the rejections have been properly 
traversed, accommodated or rendered moot. Applicant respectfully 
submits that the present application is in condition for 

s 
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allowance . 

If the Examiner believes for any reason that personal 
communication will expedite prosecution of this application, the 
Examiner is invited to telephone the undersigned at (302) 934- 
4395, in Millsboro, Delaware. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and further replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2334 for any additional 
fees required under 37 C.F.R. §1.16 or under 37 C.F.R. §1.17; 
particularly extension of time fees. 
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Intervet Inc . 
Patent Department 
405 State Street 
P.O. Box 318 
Millsboro, DE 19966 
Tel: (302) 934-4395 
Fax: (302) 934-4305 



Respectfully submitted, 




Mark W. Milstead 
Associate Patent Counsel 
Registration No. 45,825 



MWM 



Enclosure: Form PCT/IB/304 



S 
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25 September 2001 (25,09.01) 
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Internationa! application No- 
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International filing date (day/montb/yepO 
04 April 2001 (04.04.01) 


International publication dote (dayrmonth/year) 

Not yet published 


Priority date (day/month/year) 
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AKZO NOBEL N.V. et al 
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Attorney Docket Number 0 2000.551 US 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

NICKOLSON, Victor 

Serial No.: 10/089,542 Group Art Unit: 1614 

Filed: March 29, 2002 Examiner: B.Y.S. Kwon 

For: DRUG COMBINATION FOR THE TREATMENT OF HEADACHE COMPRISING A 
NON-STEROIDAL ANTI- INFLAMMATORY DRUG 

Corresponding to: PCT/EPOi/04069, filed April 4, 2001 

INFORMATION DISCLOSURE STATEMENT AND TRANSMITTAL 
OF FEE PURSUANT TO 37 CFR 1.97(c) 

Assistant Commissioner of Patents 

Washington, D.C. 20231 September 16, 2003 

Sir: 

The attention of the Patent and Trademark Office is hereby 
directed to the documents listed on the attached Form PTO-1449. 
One copy of each of these documents is attached. 

This Information Disclosure Statement is being submitted 
after issuance of a first official action on the merits and 
expiration of the three month period following filing of the 
above -captioned application, but prior to issuance of either a 
final official action or a Notice of Allowance. The $180.00 fee 
set forth in 37 CFR Section 1.17 (p) may be charged to Deposit 
Account No. 02-2334 

The above information is presented so that the Patent and 
Trademark Office can determine any materiality thereof to the 
claimed invention. It is respectfully requested that the 



Attorney Docket Number 0 2000.551 US 

information be expressly considered during the prosecution of this 
application. 

The Commissioner is hereby authorized to charge any 
additional fee (or credit any overpayment) associated with this 
statement to our Deposit Account No. 02-2334. 



Intervet Inc Patent Department 

Akzo Nobel 

405 State Street 

P.O. Box 318 

Millsboro, DE 19966 

Tel: (302) 934-4395 

Fax: (302) 934-4305 



Respectfully submitted, 




M3rk W. Milstead 
Attorney for Applicants 
Registration No. 45,825 
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Summary Tbc discovery of multiple subtypes of the serotonin 5-HT receptor has, gener- 

ated enormous interesr over the past tew yean. Possibly the most exciting, in 
terms of psychiatric clinical practice appeared to be the 5-HTj receptor. Early 
animal studies suggested thai the 5-HTj receptor antagonists, in addiuoo to their 
well recognised antiemetic use. might be clinically useful in a number of areas. 
These included anxiety disorders, psychotic disorders, drug and alcohol abuse 
disorders, depressive disorders, cognitive disorders, the treatment of pain and the 
treatment of irritable bowel syndrome. With the exception of antiemetic actions, 
this review examines these potential therapeutic areas carefully, paying particular 
attention not only to the animal literature but to the clinical studies which have 
resulted from these initial findings. Unfortunately, studies in many of these thera- 
peutic areas have not lived up to their initial promise. Indeed, no clinical studies 
have yet clearly demonstrated the usefulness of 5-HTa receptor antagonists in the 
treatment of CNS disorders. Nonetheless, in view of the absence of published 
results from doable-blind, placebo-control led studies hi many of these therapeutic 
areas, further research would be useful in confirToing the effectiveness, or other- 
wise, of this group of compounds. 

There have been many proposals for therapeutic strated clinical efficacy currently remains limited 

applications of drugs that are antagonists at the re* to antiemetic actions. The promise of these 

centfy cloned serotonin 5-HTj receptor. 11 - 61 The drugs lies in the fact that they appear to have few 

range of die postulated therapeutic potential of or no adverse effects in the clinic 

these compounds is vast, although their demon- "Numerous preclinical reports have suggested 
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that 5-HTj receptor antagonists (fig. 1) may be ef- 
fective for the treatment of a variety of disorders, 
particularly psychiatric disorders. The diseases 
chat have been targeted for development of these 
drugs have included; scrnzophrenia, anxiety disor- 
ders, syndromes of memory impairment that ac- 
company dementia, substance abase, depression, 
migraine aod. last but not feast, irritable bowel syn- 
drome* 

" The purpose of the present report is to summa- 
rise the evidence for potential clinical uses of the 
5-HTj receptor antagonists. The role of these com- 
pounds as useful antiemetics is not discussed in 
any detail here as this action is well established and 
has been described. 

The excitement that arose when the 5-HTi 
receptor was first identified in the mammalian 
brain 191 and when the unique pharmacological 
properties of this receptor were revealed! 10 * pro- 
vided a tremendous initial burst of research activ- 
ity. The 5-HT 3 receptor is now quite firmly estab- 
lished as a regulator of neural function. This 
receptor stands apart from other known 3-HT re* 



ceptor subtypes as it resembles receptors of the 
nicotinic acetylcholine receptor family J0) (table I). 
The 5-HT3 receptor gates a membrane ion channel 
that conducts monovalent cations such as Na* and 
K+ but excludes anions.' M1 

It has been suggested that as many as 3 subtypes 
of this 5-HT3 receptor may be expressed.' 121 This 
has yet to be confirmed, although there axe definite 
structural and functional differences both within 
and bctwcerr^periesJ 13 " 151 Current evidence indi- 
cates that this receptor exhibits the pentameric 
structure characteristic of ligaxtd-gated ion chan- 
nels. 1 ^ In terms of pharmacological investigation, 
the 5-HT3 receptor also stands out from other 3-HT 
receptors in terms of Iigand selectivity. Numerous 
compounds have been identified as highly selec- 
tive 5-HTj receptor antagonists which readily 
cross the blood-brain barrier. The high selectivity 
of these compounds, together with their typically 
high potency and apparent lack of adverse effects, 
have made these drugs excellent candidates for po- 
tential pharmaceutical drug development 
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Selective 5-HTy receptor agonists (fig. 2), such 
as m^lorophenylbiguaiud^,* 171 have been identi- 
fied* but most of these compounds do not cross the 
blood-brain barrier, and this has limited studies 
with these dregs. The recent discovery of a range 
of novel 1-beuOTaryl^alkyl^aini^ 
(such as SR 57227A) which readily cross the 
blood-brain barrier and exhibit high potency and 
Selectivity as agonists at the 5-HTj receptor repre- 
sents a significant advance in this area. 11 87 Never- 
theless, since the discovery of the putative 5-HT 4 
receptor it is evident that some 5-HTj receptor an- 
tagonists such as tropiserjon and renzapride may 
also have 5~HT 4 receptor-related activity.! 1 '* 

To date, there has been little attempt to provide 
a realistic critical evaluation of the growing litera- 
ture on 5-HT 3 receptor pharmacology in the thera- 
peutic contact.' 20 * It U now clear that there is very 
little clinical support for many of the proposals 
generated by early preclinical studies. In addition, 
the preclinical research concerning these com- 
pounds has not yielded a clear view of their actions 
in many areas of potential application. 

c Ads keeeiaHoraa uwTOtt AO nana peienrttf, 



1. rnrarmocoTheropy of Anxiety 
Disorders 

One property of many putative anxiolytic drugs 
is their ability to reduce behavioural inhibition due 
to aversive conditioning in some tests, Di Chiara's 
group 1211 reported the blockade of acquisition of a 
drug-conditioned place-aversion by 5-HT? recep- 
tor antagonists. In such experiments, pairing of a 
drug (naloxone, phencyciidine or prcrotoxin) with 
the preferred compartment of a 2-compartroent ap- 
paratus may elicit a significant shift in preference 
(aversion). Both tropisctron and bemesetron 
blocked the acquisition of place aversion* induced 
by these compounds. In an earlier study, 122 ' diaze- 
pam and tropisctron were both shown to inhibit 
expression of a conditioned place-aversion elicited 
by footshock. 

Such results may indicate anxiety-reducing ef- 
fects of 5-HT3 receptor antagonism. Nevertheless, 
aversive responses to electrical stimulation of the 
dorsal periaqueductal grey region of the midbrain 
are unaffected by 5-HT ? receptor anugotrisnx 1 - 31 
Paradoxically, this implies no influence of 5-HT? 
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receptor antagonism on central systems mediating 
aversive responses. 

More recently, the effects of 5-HT 3 receptor an- 
tagonism on establishment of conditioned taste 
aversions induced by nicotine have been exam- 
ined; no attenuation of the nicotine response was 
observed In this study, 5-HTj antagonism resulted 
in the reduction of a taste preference, indicating at 
least some aversive consequences of 5-HT3 recep- 
toT blockaded 

Various studies indicate the potential for anxiety* 
reducing effects of 5-HTj antagonists to animal mod- 
els. 125 * Such studies have included the black ; white 
2-compartmeni test (in which rodents' increased 
time in the white compartment is taken to indicate 
an anxiolytic effect): Sandra File's social interac- 
tion test (in which increased social interaction be- 
tween two unfamiliar rodents is taken to indicate 
an anxiolytic effect); and the marmoset human- 
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threat test In the latter test* changes in bom the 
body postures and the retreat to the rear of the cage 
which arc normally induced by the presence of a 
human are indicative of anxiolytic action. In con- 
trast to reports of positive anxiolytic responses to 
5-HT 3 receptor antagonists such as zacopride, 
ondansetron, granisctron and oopisctron with 
these procedures, such compounds usually test 
negatively in conflict or punishment tests such 
as the Vogel conflict test: suppression of water* 
licking subsequent to unavoidable shock. 1251 

Griebel 1261 has reviewed the efficacy of serotonin- 
related drugs in laboratory animal tests for anxio- 
lytic effects quite extensively and has provided a 
very useful discussion of this area in a more gen- 
eral context; the reader is referred to this source for 
a discussion of the possible mismatch between die 
results of laboratory animal tests and of clinical 
studies. 

Although research on anxiolytic actions of these 
compounds has been extended to localisation of 
the possible central site of action to the 
amygdala. 1271 it is evident that some researchers 
have failed to observe anxiolytic actions of these 
compounds in the elevated phis-maze test (a plus- 
shaped maze with 2 open and 2 closed arms some- 
what analogous to the black : white 2 -compart- 
ment test).™ Anxiolytic 1 effects of these 
compounds have been observed neither in the so- 
cial interaction test with high levels of social inter- 
action in control animals 1291 nor with socially iso- 
lated rats placed in a light : dark shuttleboxJ* 0 * 

Andrews and File* 31 * have dernonsrrated that 
procedural differences may account for some of the 
discrepancies in preclinical anxiolytic testing with 
models such as the elevated plus-maze. In this 
study die handling history of animals 'blocked* die 
•anxiolytic* effects of zacopride and shifted the 
dose-response to the right for baclofen. This result 
has important implications for the interpretation of 
'anxiolytic* drug effects with respect to between- 
laboratory differences with the plus-maze and pos- 
sibly other tests. 

Gao and Cuder™ using etiological methods 
with mice and gerbils, have observed effects which 

Onj*W7JarvS30> 
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have been interpreted as consistent with anxiolytic 
action. Further positive evidence has been publish- 
ed comparing the novel 5-HTj antagonist WAY 
100289 to ondansetron* zacopride and tropisetron 
using the light : dark box and an acoustic startle 
procedure.' 331 ] n addition, the novel 5-HT 3 receptor 
antagonist ricasetron (BRL 4647QA) was recently 
shown to be 100 times more potent than ondanset- 
ron and was active in the elevated plus-maze and 
the social interaction test. 13 * 1 This compound is ap- 
parently devoid of the bell-shaped dose-response 
curve (hat has made choice of test dose so complex 
an issue for compounds such as ondansetron. 1 * 41 

The difference between the dose-response func- 
tion for ricasetron and other 5-HTj receptor antag- 
onists has been the focus of interest for generating 
other selective 5-HT 3 receptor antagonists that may 
be devoid of the ben-shaped dose-response profile 
of drugs such as ondansetron, bemesetron and 
granisetroa. In an analysis of the receptor binding 
profile of l 3 H]ricasetron» Steward et al. 1H| have 
demonstrated that this ligand appears to label a 
higher density of specific 5-HT 3 receptor sites 
than [ a H]gramsetron (using ondansetron to define 
5-HT 3 receptor binding) in various tissue prepara- 
tions. The inability of [ 3 HJricaseiron to label the 
5-HT 3 receptors expressed in human putamen 1351 
emphasises the importance of inter-species differ- 
ences in 5-HTj receptor binding. 1151 

Nevins and Anthony s have evaluated the abil- 
ity of 5-HT> receptor antagonists to reduce the fear- 
potentiated startle response in rats. These authors 
report that these compounds are only effective in 
this test when a relatively low shock intensity is 
used during training. This is consistent with the 
idea that only relatively low levels of (cxperimen- 
tally defined) tear or anxiety are affected by 5-HT 3 
receptor antagonists. 13 ** Neither the anxiogemc nor 
the discriminative stimulus effects of pentetrazol 
(pentylenetetrazol) are affected by 5-HTj receptor 
blockade with ondansetron, which is the most 
widely studied 5-HT 3 receptor antagonist in this 
context 1281 

Recently. Olivier et al 1 171 have examined the ac- 
tions of a variety of putative anxiolytic drugs in two 



new animal models: stress- induced hyperthermia 
in mice and nlrrasonic pup vocalisations in rats. 
5-HT> receptor antagonists were inactive in these 
tests m contrast to other well established anxiolyt- 
ics. 

In a review of work related to aggression, 
anxiety and vocalisations in laboratory animals, 
Miczek et aU 3 * 1 have stated that 5-HTj reccpior 
antagonists suppress aggressive behaviour with 
limited specificity. Despite inconsistencies in the 
findings from anxiolytic testing (also, see Olivier 
et al. 1 ** 1 ) mere appears to be some agreement for 
alleviation of apparent anxiogenic effects of ben- 
zodiazepine withdrawal by 5-HT> receptor antag- 
onists.* 25 ^ 401 Nevertheless, at least one study 
indicates that 5-HTj recepior antagonists are inef- 
fective in attenuating hyperlocomotor activity fol- 
lowing abrupt termination of long term administra- 
tion of alcohol (erhonol) or mBzcpamJ 411 In 
addition, these compounds may be ineffective in 
attenuating the increased sensitivity to pentetrazol 
in alcohol-withdrawn rats. 1 * 11 

Although the 5-HTj receptor antagonists may 
alleviate the apparent anxiogenic effects of 
benzodiazepine withdrawal they may only be only 
partially effective (ondansetron) or ineffective in 
alleviating the anorexia or weight loss in this con- 
text 1421 In terms of physiological responses it is 
interesting to note that stimulation of 5-HT 3 recep- 
tors may result in an increase in adrenocortical se- 
cretion in male rats, an effect which is associated 
with animal models of stress or anxiety.} 4 * 1 The in- 
crease m plasma corricosterone levels to this study 
were attenuated by 5-HTi receptor antagonism 
with bemesetron 1431 (but contrast this resuh with 
the human volunteer study of Silverstone and 
Cowen' 44 !). 

At the neuronal level it is of interest that 5-HTj 
receptors have been implicated in regulation of 
central crjolecystokinin (CCK) release. 1451 Endo- 
genous CKK is currently an important focus of in- 
terest in relation to anxiety in the aetiology and 
treatment of panic disorder, as this neuropeptide is 
an anxiogenic agent* 46 * Stimulation of 5-HT 3 re- 
ceptors may be associated with release of cortical 
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and limbic CKX as the 5-HTj receptor antagonists 
ondansetron, bemesetron and tropisetron reduce 
CKX-Iike irnravnorwuviryJ 4 - 11 

At the dinicai level, few data arc available de- 
scribing anxiolytic actions of 5-HTj antagonists. A 
study 1331 of ondansetron for the treatment of 
generalised anxiety disorder has yielded some mar- 
ginal results: Hamilton Anxiety Rating Scale 
scores indicated that ondansetron was as effective 
as diazepam but each treatment group was only 
slightly (57 to 59*) higher in treatment response 
than placebo 145%). Using the Momgomery- 
Asberg Depression Rating Scale the ondansetron 
response (54 to 59*) was marginally higher than 
the diazepam response (51%) or placebo. The 
rather high relative placebo effect in this study is 
clearly problematic. 

The effects of ricasetron on 'panic* induced by 
the serotonin agonist m-chlorophenylwperazine 
(irt-CPP) have been mvesrigaied in an attempt to 
assess the possible efficacy of 5-HT ? antagonism 
in panic disorder. Ricasetron did not attenuate any 
panic symptoms in this study.W Nevertheless, in 
a randomised double-blind placebo-controlled 
trial. Lecnibicr and colleagues 1471 reported an 
anxiolytic effect of iropisetron in patients with 
generalised anxiety disorder. This statistically sig- 
nificant effect was dose-related in male patients 
and was 6We*?*d after 7 days of treatment. 

Although there are considerable amounts of 
preclinical data concerning potential anxiolytic ef- 
fects of 5-HTj antagonists, the clinical evidence is, 
as yet, far from compelling. What is needed is a 
series of independent placebo-controlled trials is 
patients with anxiety disorder. Up to the present 
time, several 5 -HT3 receptor antagonists have been 
in clinical trials for anxiolytic action. w So far, 
ihere have been 00 signs of strong contenders in 
this group of drugs for the dinicai management of 
anxiety and related disorders. 

2. Antipsychotic Effects 

The earliest behavioural studies indicating cen- 
tral actions of 5-HTj antagonists used procedures 
sensitive to actions of established antipsychotic 



drugs. Wo1 Ondansetron injected mtrapcritoneairy 
or into the nucleus accumbens of the rorcbrain in- 
hibited hyperlocomouon induced by intra- 
accumbens injections of dexamphetaTxnne in rats. 
Under similar conditions the stimulant effects of 
peripherally administered amphetamine were un- 
affected. In other experiments, ondansetron in- 
jected intrapcriioneally 2 or 3 'times daily abolished 
hyperlocomotion induced by withdrawal from 
long term infusion of dopamine into the nucleus 
accumbens in rats or marmosets (anterior ventro- 
medial striatum). 

Initial studies had revealed 5-HT 3 antagonists 
to be devoid of classical neuroleptic effects such as 
catalepsy, antagonism of stereotyped' behaviour 
or inhibition of conditioned avoidance at doses 
that completely blocked the von Bezold-Jarisch 
reflex.! 51 * The rather selective profile of action 
against me&ohmbic dopamine-felated hyperactiv- 
ity was initially very exdting as h suggested the 
possibility of developing a novd dass of aett- 
psychodes which would be devoid of the motor 
adverse effect profile of standard compounds. 

Subsequent studies using other procedures have 
yielded interesting results, but there are clear prob- 
lems of interpretation for these preclinical find- 
ings. Ostensibly, 5-HTj antagonists have no effect 
on 'normal' levels of behavioural output (e.g. basal 
locomotor activity) or changes in beh aviour related 
to activity of the nigrostriatal dopamine system 
(e.g. stereotypy following peripheral amphetamine 
or apomorphine) . whereas they may selectively in- 
hibit behaviours associated with stimulation of the 
mcsocortJcoUinbic dopamine system. 

This proposal has some support from studies of 
effects of 5-HT3 apfftffHitia* on the actions of drugs 
which induce increased dopamirie ccU-firing in the 
ventral tegmental area (and consequently increase 
dopanunc rdease in die nucleus accmnbens). An 
early study demorotrarrd that hyperactivity fol- 
lowing admmisrxation of a stable substance P ana- 
logue into the ventral tegmental area may be atten- 
uated by 5-HTj receptor antagonism^ 6 - 51 - 51 ! The 
5-HT 3 receptor agonist 1-phenyl-biguanide has 
been reported to increase amphettaiiin^induced 

CiuoilWJarvHO) 



1 

■I I 



20/00 10:i4 tAA tJllliOOUOOi 



i 



activity in rats, an effect which was partially atten- 
uated by die 5-HTj re c e pto r antagonist bemeset- 
ron. I54) However, the effects of this agonist are now 
known to be partially attributable to direct actions 
on the dopamine transportEr.! 17 - 431 

The rewarding effects of nicotine and morphine 
in conditioned place preference conditioning (the 
inverse of place-aversion conditioning) are ap- 
parently abolished by 5-HTj receptor antago- 
nists. 15437 ) Microanalysis studies have indicated 
that these compounds also block the increase in 
nucleus accumbens dopamine release induced by 
these rewarding drugs. Indeed* one study reports 
abolition of grooming induced by nicotine and a 
concomitant decrease in release of dopamine from 
this area following administration of a 5-HTj re- 
ceptor antagonist.! 5 *! 

Electrophysiological studies indicate that the 
decrease in stimulated dopamine release induced 
by 5-HTj receptor antagonists may not be due a 
decrease in the drug-stimulated firing rates of 
dopamine-comaining cells in the ventral teg- 
raenturaJ 59 ) Studies of effects of 5-HT 3 receptor 
antagonists on spontaneous firing rates of these 
ventral tegmental neurons have yielded mixed re- 
suits,!* 042 ! possibly due to the heterogeneity of the 
actions of these drags 00 5-HT 3 receptors' 13 ) and/or 
their interaction with more recently characterised 
5-HT receptor subtypes such as the 5-HT 4 recep- 
tor™ 

The effects of 5-HT 3 receptor antagonists on 
stimulated dopamine release and related behav- 
iours described above have not been consistently 
supported by other studies.* Arnold et al. rM1 railed 
to observe any effect of ondansetron or bemesetron 
on die hyperactivity induced by repeated intermit- 
tent administration of nicotine. This hyperactivity 
effect was attenuated by the nicotine antagonist 
mecarnylarnine and by the dopamine Eh receptor 
antagonist haloperidol. Pei et al.** 71 and Moser 1 * 4 ! 
have reported a similar lack of selective 5-HT\ re- 
ceptor antagonist effects in this context (but see 
V6\tm6 et al.W and Geissler et a! J*l). 

Several other studies investigating effects of 
5-HT? receptor antagonism on rewarding effects of 



electrical brain self-stimulation ox rewarding drug 
effects believed to be mpHiarrd by dopamine re- 
lease in the nucleus accumbens have failed to sup- 
port the proposed selective actions of these com- 
pounds on stimulated dopamine release in this 
region.! 67 - 72 ! In the studies of ventral tegmenta] 
self-stiroulatioru repeated administration (once or 
twice daily) of ondansetron failed to alter reward 
thresholds.! 7 -^ 1 Kouhi et ah* 74 ! have also reported 
that repeated administration of ondansetron does 
not result in a reduction of mesolimbic (or nigra- 
striatal) dopamine activity in terms of metabolism 
or receptor binding. In addition, 5-HTj receptor an- 
tagonists do not appear to influence the reward- 
enhancing effects of nicotine! 7 * 173 ! or the CCK ana- 
logue ceruletide (caerulein)!* 9 ! on behaviour 
maintained by rewarding electrical brain stimula- 
tion. Cocaine self-administration in laboratory ani- 
mals and the discriminative stimulus effects of co- 
caine are also reported to be unaffected by 5-HTj 
receptor antagonism.! 71 1 

One interesting and potentially important obser- 
vation is the ability of 5-HTj receptor antagonists 
such as bemesetron and granlsetron to inhibit cat- 
alepsy induced by haloperidol in rats. 17 * 1 This has 
been an area of focus for compounds that interact 
with 5-HTia receptors,! 76 ! and further reports in 
this area will be Of interest 

The early preclinical optimism for antipsychotic 
potential of these compounds has been dampened 
both by these subsequent preclinical studies and by 
the paucity or clinical data indicating any anti- 
psychotic effects of S-HTj antagonists. Although 
there are case reports and open trials of positive 
effects (eg. see White et al.l 77 !), no double-blind 
placebo controlled trials have yet emerged with 
positive responses. 17 *! One single-blind trial of 
zacopride indicates no clinical benefit in the treat- 
ment of acute schizophrenia. 1791 Results from dou- 
ble-blind placebo-controlled studies with 
ondansetron have bees negative. 1 * 0 ! 

Many of the data from clinical trials remain un- 
published and it is apparent that some pharmaceu- 
tical companies have already withdrawn this dass 
of compounds from trials in this area. One intri- 



e trtwnafono UmUc*. A| nana ftoewwj. 



20/08 03 15:14 t'AX +3141^5505^^ UKUAnun tAi wen. -> oi-Acn,;>iun£. uo igjun/ujo 



5-HTa Anogonisfct Noa-Ajitkmrfc Uses 











□ Ka 




- 




ll 




1 1 







Schizophrenia Huntington's Partunson* 
Postroortom paMerd group 



R9. 3. Duspoe 9 pcituiaiad rate for serotonin 5-HT, receptors 
in the pafcofftysiofogy and traaimem of schizophrenia, no 
changts in receptor afllnlty (K^ or demtty (B^J have teen 
ccsanred tor hunran pestmortom brain analysis of schizophre* 
nte or parkinsonian patients, A nOudSan in iho density otftese 
receptors has been repotted from poetmonom analysis of train 
tissue from patients with Huntington* daaaae,*** 3 ! 

guing report of a short term open trial of ondanset- 
ron for treatment of psychosis in Parkinson's dis- 
ease is positive. 1611 In this study, ondansetron was 
claimed to be beneficial for the treatment of pa- 
tients with advanced Parkinson's disease. The drug 
was well tolerated and* as expected, induced no 
major adverse effects. 

In view of the balance of available evidence it 
seems unlikely that 5-HT, receptor antagonists 
will prove to be effective antipsychotics in the 
foreseeable future. On a purely academic note it is 
of interest that from postmortem analyses, the den- 
sity of 5-HT3 receptors in the human amygdala is 
unaltered in schizophrenic patients (fig. 3). (&21 In 
contrast to this result. Steward et aU wl have re- 
ported reduced levels of these 5-HTj receptor rec- 
ognition sites in the putamen in postmortem anal- 
ysis of brain tissue from parieDts who had 
Huntington's disease (fig. 3). 

3, Ptxsmacomoropy of Drug Abuse 
and Appetite Disorder 

Blockade of conditioned place-preferences to 
morphine, nicotine and 3.4-methylenedioxy-mcih- 
amphctamine (MDMA; Ecstasy') by 5-HT* an- 
tagonists has been interpreted as evidence for pas- 



sible use of these compounds in the treatment 
of dmg abuse. 156 - 57 14 * It is notable chat although 
5-HT j receptor antagonists are reported to attenu- 
ate locomotor activity induced by cocaine in 
miceJ* 5 * the rewarding effects of dexamphetam- 
inc, nicotine and cocaine am unaffected by these 
compounds in rats, as are iheir^iiscriminauve sdnv 
uJusproperties.f 71 ^ 90 ' 

There is some evidence that the neurochemical 
correlates of continuous cocaine administration 
in rats involve an alteration of 5-HT5 receptor- 
mediated effects. 191 1 Nevertheless, these results do 
not have obvious implications for a role of this 
receptor in cocaine abuse as the relevant pattern of 
drug exposure is mtermiitcnL 

One pilot study in human volunteers revealed a 
decrease in subjective responses to amphetamine 
following ondansetron; this was not moodVrelaced 
and the authors were unable to exclude a pharma- 
cokinetic interaction to explain the effect f92 > A pre- 
liminary report has also suggested that the subjec- 
tive effects of cocaine may be attenuated by 
ondansetron 193 ) - this result has not yet been con- 
firmed. 

In relation to opiate drugs there is substantia] 
evidence indicating a 5-HT) receptor-mediated 
blockade of rewarding effects of morphine in the 
conditioned place-preference paradigm! 3 * 37 ' 94 * 
and with morphine setf •administration in rarsJ 95 *- 
Howevec, with intravenous seLf-admirri strati on of 
diamorpbine (heroin). 5-HTj receptor antagonists 
(ondansetron and bemesetroa) are apparently inef- 
fective. 19 * 1 5-HT) receptor antagonists are also in- 
effective in blocking the ajscrirninativc stimulus 
properties of niorphineJ* 7 ! 

A recent innovative study by Sell et al.' 98 * ex- 
amined the effects of ondansetron on opiate-crav- 
ing in addicts stably maintained on a methadone 
treatment programme. These individuals experi- 
enced significant craving, dysphoria and with- 
drawal-like symptoms when exposed to a video 
containing drug-related cues. Ondansetron had no 
effect on these symptoms. In addition, it is appar- 
ent that ondansetron may not reduce cigarette 
smoking in humans. 1991 
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There is some evidence indicating a role for 
- 5-HTj receptor antagonism in decreasing alcohol 
intake m animaJ studies and in humans. 1100 - 1011 In 
contrast 5-HT3 receptor antagonists may have no 
effect on consumption of water and saline in labo- 
ratory animal tests. 1 1021 In attempting to determine 
the mechanisms of S-HT\ receptor antagonist ef- 
fects on akohol consumption in akohol-preferrmg 
rats Jankowska el alJ l03 J have reported that seroto- 
nin denervation by neurotoxin lesions did not re- 
duce the alcohol intake-reducing effects of tropn 
setron. These authors have suggested that the 5-HTj 
receptors that may mediate the tropisetron effects 
are postsynaptic to serotonin neurons. The effects 
of these compounds on alcohol intake may possi- 
bly represent a clinically meaningful phenomenon. 

Setters et al. n04J examined the effects of 
ondansetron in the treatment of alcohol-dependent 
men. In this randomised placebo-controlled study, 
reductions in drinking were evident but not statis- 
tically significant at 7 weeks. When patients drink- 
ing >10 drinks per day at baseline were excluded 
from the analysis significant reductions in drinking 
were evident, daring ondansetron treatment and at 
follow-up. Lower baseline drinking and a higher 
level of education were significant predictors of 
drinking reduction during treatment 

Johnson and Cowen( ,os ) have reported prelimi- 
nary findings that indicate a redaction in the plea- 
surable effects of a small dose of alcohol and a 
concomitant reduction in the desire to drink fol- 
lowing administration of ondansetron. A more de- 
tailed study by Doty el all 106 ' did not reveal any 
effect of ondansetron -on subjective responses to 
alcohol in a similar context These authors point 
out that they used a different alcohol dose from that 
used by Johnson and Cowen, 1 1051 and conclude that 
the utility of ondansetron in treating alcohol abuse 
may be quite limited if it is only efficacious in 
blocking the actions of a low dose of alcohol. This 
latter point has implications for the interpretation 
of the results of Sellers et al » M » 

In addition, in a recent predinical study the 5-HT3 
receptor antagonist bernesetron wis reported to ex- 
acerbate alcohol withdrawal seizures in mice, al- 
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though tropisetron was without effect.* 1071 This re- 
sult is directly counter to what may be predicted for 
a compound that may be useful for the alleviation 
of symptoms of alcohol abuse. There has been a 
contrasting report, 11 W) in which tropisetron re- 
duced alcohol preference and reduced seizures in 
alcohol-withdrawn rac. In the former study seiz- 
ures were induced by handling whereas in the latter 
study they were audiogenic. 

These findings indicate a lack of consistency in 
responses to 5-HT 3 receptor antagonists, a partem 
that is evident in other areas of research. A further 
result mat may reduce confidence in mis area in 
terms of prospective pharmacotherapy is the fail- 
ure of 5-HTj receptor antagonists to alter alcohol 
self-administration with rats responding on an op- 
erant (fixed ratio) self-administration sched- 
ule.^ 

The effects of 5-HTj receptor antagonists 00 re- 
wardiog actions of drugs are not general. In the 
context of pharmacotherapy of drug abuse perhaps 
treatment of the angiogenic effects of benzodia- 
zepine withdrawal may represent a useful role for 
5-HT 5 antagonists.^ 401 

In terms of influences on behaviour of an appe- 
titive nature mere has been some analysis of effects 
of 5-HT 3 receptor antagonists on sexual behaviour 
and on feeding. Tanco et al. 11101 examined effects 
of ondansetron, bernesetron and tropisetron on nor- 
mal and morphine -induced sexual behaviour in fe- 
male and male rats. There were no effects of these 
5-HTj receptor antagonists under the conditions 
tested ; I 

A subsequent study investigated effects of imra- 
cerebroventricular administration of 5-HT 3 recep- 
tor agonists. 1 IIlJ In this study, 2- methyl-serotonin 
had no effects but 1-phenyl-biguanide facilitated 
sexual activity in males. The effects of the latter 
compound were related to its direct influence on 
carricr-mcdiaied dopamine release rather than 5-HTi 
receptor-mediated actions. Thus, there seems to be 
no evidence for 5-HTt receptor-mediated influ- 
ences on sexual behaviour. 

Shepherd and Rodgers^ 121 reported <that ondan- 
setron increased time spent feeding in free-feeding 
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mice. Administration of tropisetron or bemese- 
iron also increased consumption of amino acid- 
imbalaaced diets in'rats,* 1131 a finding that has been 
recently confirmed and extended to blockade of 
aversion to saccharin presented in an unbalanced 
amino acid dieL ,,l4 * U5 l In contrast, Fletcher and 
pavics 11161 reported that tropisetron increased 
feeding latency and decreased feeding duration In 
rats exposed to unfamiliar food but subsequent 
work indicated that ondansetron had no effects on 
food intake under a wide variety of feeding condi- 
tions.* 1,71 Tropisetron has also been reported to 
potentiate the anorectic effect of naloxone.' 11 * 1 
Studies with ondansetron have also revealed a po- 
tentiation of the anorectic effects of dexantphetanv 
intUivi ajjd a reduction of palatable food consump- 
tion in nondeprived rats. 1120 ' 

The relevance of these results to appetitive dis- 
orders in the clinical context is unknown. The ef- 
fects of 5-HT3 receptor antagonists on the gastro- 
intestinal system are well established, particularly 
in terms of anti-inflammatory responses and gas- 
trointestinal motility, and this has been the major 
thrust for drug development in this general 

4. Invorvernent of 5-HTj exceptors In 
Antidepressant Drug Action 

The established role of serotonin in antidepres- 
sant action has led to some interest in this potential 
aspect of 5-HTj receptor involvement. There has 
been some interest in antidepressant effects of 5-HTj 
antagonists, initially based on claims that several 
antidepressant drugs exhibited nanomolar affinity 
for [ 3 H]quipazine-Iabciled 5-HTj binding sites. 
Subsequent analysis using [ B H]zacopride and 
l 3 H]tn>pisetron to label 5-HTi binding sites did not 
confirm these claims. 11221 

It has recently been reported that the antidepres- 
sant drugs clomipramine, fluoxetine and paroxet- 
ine interact with both central (NG 108-15 cells) 
and peripheral 5-HT 3 receptors but do not interact 
with 5-HT4 receptors.' 123 ' In addition, in relation 
to tropisetron. It has been claimed that 5-HTj re- 
ceptors within the prefrontal cortex may play a role 



in fl uoxerine-induced increases in extracellular do- 
pamine within this area, although this was not the 
case with desipramineJ l24 * 

Beerroconvulsive shocks do not alter electro- 
physiological responses to the 5-HT 3 agonist 2- 
methyl-serotonin.! 123 * Fanl |2 ^ l27i has reported an 
increase in the rate of 5-HT 3 receptor-mediated 
current desensidsation and an mhibirioQ of peak 
serotonin current following application of the an- 
tidepressants phenelzine, fluoxetine and Lmipra- 
mine in rat nodose ganglion. These results impli- 
cate this receptor in the acute actions of 
antidepressants and also have implications for the 
mechanisms of action of these drugs on nocicep- 
tive responses. 

Complementary results have been reported for 
mianserin and its 6-aza-analogue mirtazapine 
(ORG-3770). Both compounds displace 5-HT 3 re- 
ceptor-related tigand binding and reduce 5-HT 3 
receptor-mediated currents in N IE- LI 5 neuro- 
blastoma cellsJ ,24 > 

Recently, modulation of hippocampal nor* 
adrenaline release by the 5-HTj receptor agonist 
2 -methyl-serotonin has been demonstrated in lim- 
bic areas of the rat brain, a result with obvious im- 
plications for antidepressant potential. Lesioning 
serotonin neurons with 5.7-dinydroxy-*ryptanune 
did not alter this effect, indicating that the effect is 
not attributable to a presynaptic serotonin terminal 
population of rcceptorsJ 1291 

The novel selective 5-HTj receptor agonist SR-~ 
57227 A tests positively in a variety of laboratory 
animal screening tests for antidepressant ac- 
tion. 11301 This compound is the first of a new class 
of 5-HTj receptor agonists that readily cross the 
Mood-brain barrier, 1 '* 1 a development that greatly 
opens up the possibility of exploring effects of 5-HTj 
receptor stimulation in behavioural tests. Also 
of interest in this area are compounds such as 
litoxetine. which is a selective serotonin uptake in- 
hibitor with antiemetic properties J 13 11 Although 
litoxetine has been withdrawn from development, 
drugs such as mis may prove to be effective anti- 
depressants with a reduced gastrointestinal adverse 
effect profile, which can be a problem with the 
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clinical application of thU class of anndcprcs- 

Disruption of sleep and related EEG activity is 
quite prominent in affective illness. Of the few 
reports available to date only one Indicates any in- 
teresting effects of 5-HTj antagonists on sleep/ 
wakefulness in rats. In this study, ondansetron in* 
creased paradoxical (rapid eye movement; REM) 
sleep. Bemesetron decreased bom paradoxical and 
slow wave sleep and increased wakefulness, but 
only at a very high dose (10 mg/kg). l,)S) More re- 
cently, tropisetron was found to reduce stage 2 
sleep in human volunteers during the entire night 
and to increase REM sleep during the first third of 
Ac nightl' 36 ' in this study, total REM remained 
unaltered. 

5, Cognition and the 5-HTj Receptor 

The ability of 5-HT 3 receptor antagonists to fa- 
cilitate cholinergic transmission in cortical brain 
tissue raised the possibility dial these compounds 
might be effective in treating cholinergic dysranc- 
tionJ ,37 - ,M * with the important implication being 
the possible treatment of cholinergic dysfunction 
in aging, Alzheimer's disease and other function- 
ally similar disorders. 

The early claim for facilitation of cholinergic 
transmission in brain following treatment with 5-HTj 
receptor antagonists has not been consistently sup- 
ported. Johnson ct aJ. tl391 have reported no signif- 
icant inhibition or increase in K*-stimoIated ace- 
tylcholine release in slices of rat entorhinal cortex, 
following application of a range of 5-HTj receptor 
ligands at a range of concentrations. These authors 
have suggested thai the role of these receptors in 
modulating release of acetylcholine needs to be re- 
oumuftcd. A study of human cortical cholinergic 
axon terminals has also demonstrated the S-HT* 
receptor-mediated inhibition of acetylcholine re- 
lease.!' 40 ! 

A more recent study has reported that stimula- 
tion of 5-HTj receptors may induce release of 
acetylcholine in the dorsal hippocampus of the 
rat.l |4, 1 The latter results are difficult to reconcile 
with the claims for 5-HT? receptor-mediated inhi- 
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bition of acetylcholine release in the cortex, al- 
though Console and colleagues 1 141 1 havesuggested" 
dial the actions of 5-HTn receptor stimulation may 
well be regionally selective. 

In any event, as both the cortex and hippocam- 
pus are important soucturcs in memory processing, 
the possibility that 5-HT* receptor antagonists may 
be cognitive enhancers is a more complex issue 
than indicated by the original postulate.* 1371 Fur- 
thermore, it has been suggested that the doses of 
ondansetron used in published rodent and marmo- 
set studies (10 ng/kg intraperitonealiy in rats and 
mice and 1 and 10 ng/kg subcutaneously in mar- 
mosets) are unlikely to be sufficient to increase the 
release of acetylcholine centrally this remains 
an empirical question. Nevertheless, a facilitator? 
role for 5-HTj receptor antagonism in hippocam- 
pus is supported by Passani et alJ 1 * 3 *" These re- 
searchers report an attenuation of serotonin-mediated 
blockade of long term potentiation in the hippo- 
campus following application of the 5-HTa recep- 
tor antagonist itasetron (DAU-6215). This com- 
pound has been reported to reverse scopolamine 
(hyoscine)-induced deficits in a spatial learning 
task in rats 11 * 11 and may attenuate scopolamine- 
induced deficits in passive avoidance learning* 14 *' 
and in spatial leafnlng. ^,44, Hodges et al. 11461 have 
recently observed similar effects of the selective 
5 HT 3 receptor antagonist WAX- 100289 on spatial 
memory in rats with neuro toxin-induced lesions of 
the forebrain cholinergic system. 

Early results suggested that ondansetron may 
enhance cognitive performance in rodents and mar- 
mosets 1 * 91 and may enhance performance of mar- 
mosets on an object reversal discrimination 
task. 1 1381 Ondansetron has also been reported to im- 
prove the performance of age-impaired and of atro- 
pine-trcated rats in a spatial learning task. 1 147 1 The 
effects of scopolamine in a step-through avoidance 
learning task may also be blocked by tropise- 
ttonJ 14 *! in another study of long term potentiation, 
Stftubli and Xu*' 4 * 1 reported that ondansetron in- 
creased the magnitude and duration of this phe- 
nomenon. These effects were associated with a 
dose-dependent increase m hippocampal theta ac- 
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tivity. In (he same study ondansetron also facili- 
tated performance in an odow-matching test and a 
test of spitiai learning. 

A fail ore of ondansetron to reverse scopol- 
amine- or age-related EEG changes in rats has been 
reporte<U ,5t, l and Jakaia et aU 1 51 » failed to observe 
an improvement of working memory in a delayed 
marching to sample task in rats. The group that first 
reported cogmrive-enhancing effects of re- 
cepior antagonists has recently pointed out that the 
preclinical literature is now inconsistent in (his 
context 1153 ! Indeed, these authors reported a fail- 
ure of ondansetron to attenuate a scopolamine- 
induced deficit in a Stone maze task and have 
discussed Che apparent task- and dose-related vari- 
ability of cognitive enhancing effects of these 
compounds. They point to the heterogeneity of 
neurochemical substrates underlying regulation 
of memory processes and to the unusual dose- 
dependence of 5-HT3 receptor antagonist effects in 
this context. 

Some evidence has been reported for a enhance- 
ment of cognitive functions in human volun- 
teers J ,53 - ,54> In a randomised double-blind, dou- 
ble-dummy, 4-way cross-over design healthy male 
volunteers were tested acutely with the muscarinic 
antagonist scopolamine and with the 5-HT 3 recep- 
tor antagonist alosetron. The verbal memory defi- 
cit induced by scopolamine was attenuated fay 
alosetron. 1 lU] In a study of age-associated memory 
impairment ondansetron was administered to 
healthy nondemented people over 50 years of age 
who experienced deterioration of memory perfor- 
mance. Ondansetron was administered twice daily 
for 12 weeks according to a randomised, double- 
blind, placebo-controlled design.! After 12 
weeks, the ondansetron-treatcd group were signif- 
icantly superior than the placebo group on name- 
face association acquisition and delayed recall. 
This effect was dose-dependent, evident at the 250 
and lOOOug doses, but the higher dose effects 
waned by the end of treatment 

These results are somewhat encouraging, but 
more positive published clinical data are needed. 
If they are clinically effective compounds in terms 
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of 'cognitive-enhancement' the observation that 5- 
HTj receptors are unaltered in the postmortem 
analysis of the brains of patients with Alzheimer's 
disease' 15 ^ holds some promise for therapeutic in- 
tervention. Nevertheless, in this important area few 
clinical data have been published to date. 

i t 

6. AnttaocJcephVo Effects 

The ability of the 5-HTj agonist 2-methyl-sero- 
tonin to mimic, and the antagonists tropisetron and 
beroesetroo to inhibit, peripheral serotonin effects 
on nociception 11571 strongly suggested a role of 5-HT 3 
receptors in pain. Nociceptive responses to intra- 
venous serotonin (measured by tail flick and step- 
down passive avoidance tests) may be mediated by 
coactivarion of 5-HT2 and 5-HTj receptors located 
on capsaicin-sensidve vagal afferentsJ 1581 In addi- 
tion, several 5-HTj receptor antagonists have been 
reported to inhibit chemical-induced writhing, an 
effect that may be amibntable to a local rather than 
a central action J 159 * There is considerable evidence 
for a role for serotonin in the mediation of cardiac 
pain, and it has been suggested that antagonism of 
both 5-HTz and 5-HTj receptors may provide a 
more effective therapy for treatment of angina and 
possibly other peripheral serotonin-mediated noci- 
ceptive responses. rL5ai 

The presence of a dense band of 5-HTj recep- 
tors on capsaicin-sensidve primary afferent termi- 
nals in the superficial dona) horn of the spinal 
cord Itfl °- ,wl has led to investigation of a nocicep- 
tive role for5-HT ? receptors at this level. 11 * 1 Stim- 
ulaiion of 5-HTj le cc p tors by 2-methy>-$eiutonin 
blocks scratching and biting induced by substance 
P and rV-methyl-f>aspartate {NMD A) applied in- 
nathecally to mice. These antinociceptive effects 
were blocked by the 5-HT3 antagonists zacopride 
and tropisetron* and also by y-aminoburyric acid 
(GAB A) A and B antagonists, leading to the pro- 
posal that 5-HTj receptor stimulation in the spinal 
cord results In a release of G ABA which may in- 
hibit nociceptive signal transmission at sites post- 
synaptic to primary afferent terminals. 11 " 1 

It is interesting to note that supersensitivity to 
5-HT3 receptor agonists has not been observed fol- 
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lowing serotonin denervation by intrathecal appli- 
cation of 5,7^ytoxy-tiyptarnine.l , * 5 l This ob- 
servation is in agreement with the observations that 
these receptors arc preferentially located on the ter- 
minals of primary afferent fibres and that they axe 
decreased following unilateral rhizotomy. J 1 * 2 * It 
has been suggested that results such as these with 
5-HTj receptor-related compounds may herald the 
development of new nonopioid. noaaddictivc anal- 
gesics.! I6 * 166 ' 

In addition, 5-HTj receptors have now been 
clearly identified in the gastrointestinal tract in var- 
ious species*! 167 ! and h seems likely that these sites 
play a significant role in the regulation or media- 
tion of reflexes governing intestinal move- 
ment.' 

issjM] Several researchers have reported the 
involvement of these receptor sites in the modula- 
tion of visceral hypersensitivity and of stress- 
induced defecation in rats* 170 " 1721 - in contrast with 
Gue et alJ l73 l These studies indicate considerable 
potential for 5-HTj receptor antagonists in the 
treatment of irritable bowel syndrome in humans. 

Clinical studies to date have yielded some pos- 
itive results in this area. Prior and Read* 174 ' re- 
ported that ondansetron increased thresholds for 
perception of sensory effects of rectal distension in 
patients with irritable bowel syndrome, and similar 
effects have been observed with granisetron. 
Ondanseo-on has. however, been reported to have 
-mixed efficacy in irritable bowel syndrome pa- 
tients in other studies* and in some cases patients 
ieponed increased cjscaxrtf^^ In one study, 
ondansetron did not alter sensitivity to discomfort 
or measures of colonic function in patients with 
this disorderJ ,78 > Banner and Sanger 11701 have 
pointed out that the 5-HT 3 receptor antagonists ex- 
hibit differential efficacy in the predimcal setting 
in this context and suggest thai, although a corre- 
lation between their potencies ill preclinical and 
clinical tests is apparent, this potency does not 
correlate pharmacologically with the ability of 
these compounds to antagonise the 5-HTj receptor 
defined in vino or in vivo in rats. 

It is of considerable interest that clinical bene- 
fits have been reported with 5-HTj receptor antag- 



onists against the pain of migraine. Whereas 
bemesetron, granisetron and zatosetron appear to 
be effective in treating this disorder, H 7 *"*) 
tropisetroo may be only partially effective as an 
analgesic in this context* ,WJ In addition, roetocio- 
pramide has been broadly used as an analgesic in 
the cbnic; ,1 **" ,8,, however, this compound is not 
selective for 5-HT 3 receptors. 

7. Conclusions 

It is dear that the 5-HT 3 receptor is functionally 
of interest from electrophysiological, molecular 
and neuropharmacologkal reports, and as the phar- 
macological profile of 5-HTj receptors hvterms of 
controlling release of noradrenaline, acetylcholine, 
CCK and dopamine in brain continues to evolve- 
However, there have been several problems for. a 
realistic evaluation of the behavioural actions of 
these compounds. One glaring factor is that few 
groups have published consistent positive findings 
in areas other than nociception and ernes is re- 
search. In particular, the bell-shaped dose-response 
curves which seem to be characteristic of effects or 
some 5-HT? receptor antagonists such as ondanset- 
ron and tropisetroo in some tests make the choice 
of doses a critical factor in these experiments. For 
anxiolytic and antipsychotic studies in particular, 
there are inconsistencies in the literature which are 
difficult to understand. It is very important to ex- 
amine the discrepancies between the preclinical 
behavioural studies, and to examine the emerging 
mismatch between some of the behavioural and 
neuropharmacologies! results. 

One of the most artractive features of 5-Hl 3 an- 
tagonists is the apparent general lack of adverse 
effects, which are characteristic of most 'psycho- 
therapeutic drugs. If positive results with double- 
blind, placebo-controlled clinical trials are forth- 
coming then the stimulus provided by the early 
studies will be really worthwhile. So far. the com- 
plexity of the preclinical literature co ncernin g 5-HTj 
receptor pharmacology has not been translated into 
convincing clinical effects for any disorders other 
than those associated with the processing of nox- 
ious stimuli. 
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Although wc wiO have Co wait and see about the 
outcome of clinical trials it is apparent that we may 
have a long wait in relation to CNS disorders: 
many data may simply never be published because 
of their negative or inconclusive nature. Although 
the 5-HT 3 receptor is alive and well in terms of 
modern biology.' 11 ' it is perhaps a lesson to us all 
that the tremendous burst of speculative energy 
based on early preclinical results has been very dis- 
appointing in terms of potential therapeutic uses. 
This in no way detracts from the excellent profile 
of these drugs for antiemetic and, to some extent, 
analgesic applications. 

The conclusion of the present review is that, 
while much of the initial preclinical evidence 
showed spectacular promise for 5-HT 3 receptor an- 
tagonists in the treatment of a wide range of disor- 
ders, this promise does not seem to have been up* 
held. This is a position which has not been well 
received by some researchers in the field and ap- 
parently remains contentious. There are possible 
explanations for the discrepancies which include 
methodological problems with the initial studies, 
lack of relevance of some findings with laboratory 
animals for human conditions, or an inability of the 
clinical studies to detect subde effects of 5-HT 3 
antagonists. The extent to which studies with non- 
human species represent 'models' of psychiatric 
conditions is of pivotal concern in this context. 
Changes in animal behaviour observed in such 
studies are interpreted pragmatically and it is clear 
that such studies do not reach the criteria of an ideal 
4 model*. 

The available data from studies with 5-HT 3 re- 
ceptor antagonists suggest that resells with certain 
animal models do not correlate well with human 
clinical responses. This is well illustrated by the 
odd findings that these compounds test negatively 
in some well established anxiolytic models (eg. 
conflict procedures) but may show some anxiolytic 
action in the clinic. Similarly, positive results (torn 
some laboratory animal tests of antipsychotic drug 
action contrast markedly against the failure to ob- 
serve an antipsychotic response in the clinic. This 
problem is not restricted 10 'models' with labora- 



tory animals, for example - the somatic features of 
anxiety induced by administration of the trazodone 
metabolite m-CPP to human volunteers is blocked 
by many drugs that have no clinical anxiolytic ef- 
ficacy. 

With this in mind the only pragmatic strategy is 
to examine drug effects across a wide range of tests 
to assess their therapeutic potential - in all fairness 
this has been conducted quite thoroughly in the 
case of the 5-HTj receptor antagonists, with little 
consistent success. The final possibility is that the 
5-HTj receptor antagonists do indeed have clinical 
efficacy but mat the clinical studies carried out to 
date have not been well enough designed to detect 
these. This issue has been discussed informally by 
researchers but. to our knowledge, has rarely been 
entertained in print. 

It is necessary to be very careful with this ap- 
proach. Some studies that we have reviewed 192,105 ! 
have demonstrated subde effects of 5-HT j receptor 
antagonists on human subjective reports. While 
these phenomena are of interest, they do not ad- 
dress the core symptoms that patients experience, 
and may not be of any clinical relevance. Indeed, 
to be fair we must accept that a number of large 
pharmaceutical companies have conducted multi- 
centre trials for these compounds for various psy- 
chiatric disorders, including schizophrenia. No 
positive multicentre data have yet been released 
following these activities, and some companies 
have apparently dr opp ed these compounds from 
development for psychotherapeutic j , potential. 
Considering the potential benefits to 'be derived 
from the development of clinically effective com- 
pounds with an apparent lack of undesirable ef- 
fects, it seems likely that these compounds would 
be aggressively explored if the clinical profiles 
were at all positive. Nevertheless, it is unfortunate 
that negative outcomes of clinical trials are not 
widely publicised. 

The 5-HT 3 receptor is obviously functionally 
significant in the CNS. It is highly likely that fur- 
ther research into tf/c structure and function of this 
receptor will yield important new insights into the 
regulation of mammalian CNS activity which may 
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have potential for the development of new thera- 
peutic strategies. 
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Tetrazyklische Antidepressiva: 

Pharmakologisch-kliniscfae Aspekfe und Neuentwicklungen 



Das Them a des Eri anger ner- 
venarzllichen Fonbildungs- 
kongresses 1995 laulelc: »Neue 
Melhoden in dcr Behandlung mil 
Psychopharmaka*. Hicrunter kann 
folgcndcs verstanden werden: 

1. Andcningcn in dcr Anwcndung eines 
Psychopharmakons im ursprflnglichcn 
Indikationsbcrcich, also xasai/Jichc 
Appiikaiionsformen. Hohcrdusierung 
Oder die Kombmation mil andcren 
psy choir open Subsianzcn. Bei-spiclc 
sind die Einiuhrung parenteral appli- 
zierbarer Psvchopharmaka und dcr 
Dcpoi-Neurolcptika. Von Versucncn 
cincr Hochdosisbehandlung mil 
Ncurolcpiika Endc der siebv.iger 
Jahrc ist man hckannllich wicder 
abgekommcn. aktucll isl dauegen 
ciwa die Hochdosicrung pflanzlicbcr 
Psychotropika wic des Antidcpressi* 
vuros Hypericin, aber auch verbesser- 
le Thcrapieerfolge mil dem telra- 
zykl«chen Amidcpressivum Mian* 
serin durch hdheru Tagesdosen. Die 
Kombination eincs Aniidepressivums 
crwa jnit Lithium bevrirki uber cine 
* Augmentation- eine verbesserlc 
Summungsaufhellung. 

2. Behandlung von Erfcrankungen 
auBerhalb des ursprtlnglichen psyche 
iatrischen Jndikationsbereiches mil 
Psychopharroaka. etwa die Behand- 
lung von Schmerz* und von Entzugs- 
syndrometu aber auch von gasiroin- 
testinalen Ulzera oder von juck en- 
den Dermatosen mil trizyklischen 
Antidepressiva. z.B. Doxepin oder 
Amiiriptylin. Zwangs- und bulimi- 
sche Slflrungen sprechen auf selec- 
tive Serotonin-RUckaufnahmehem- 
rocr (SSR1: Fluoxetin, fluvoxamin. 
Parozeiin, Cttalopram) an. Loraze- 
pam erwics sich gegen stuportfse Zu- 
stande ais gut wirksam. Mianserin 
laflt sich erfotgretch zur Behandlung 
ehroniseber Schmeraustande und 
unter weitcren Indikaiionen einset- 
zen (siehe unten). 



Schlussetwdrter 

Mianserin. Mirtazapin Setiptilia Org 4428, Pipera2ino-Azepine. tetrazyklische 
Antidepressiva 

Zusammerrfassung 

Mianserin stent auf dem bundesdeutschen Aaneimineimarkt se'rt nunmehr 
20 Jahren als einziges »genuines« teirazyklisches Antidepressrvum einer groBen 
und wechselnden Zahl trizyklischer Substanzen gegenuber. Es gehon unier den 
»neueren« Amidepressiva zu-den am besten dokumentienen Substanzen und 
zeichnet sich. auch in hoherer Oosierung, durch sehf gute Vertraglichkeit aus. 
Neben stimmungsaufhellenden. anxiolytischen und schlafansto&enden Eigerv> 
schaften konnte in einer Reihe von Studien die Wirksamkeit von Mianserin 
gegen weitere Beschwerdebilder. insbesondere Schmerzzustande unterschiedii- 
cher Genese, gezeigt werden. Fur t 996 wjrd die Markteinf uhrung von Mirtazapin 
in der Bundesrepublik erwanet eines Antidepressivums. das staikturchemisch 
wie Mianserin aus einem Ringsystem vom tenazyklischen Piperazino-Azepintyp 
besteht, aber ein etwas anderes pharmakologisches Wirkspektrum aufweist. Die 
antidepressiven Eigenschaften von Mirtazapin sind minlerweile gut belegt. Wie 
diese und weitere Entwicklungen (Setiptilin. Org 4428) zeigen. wohnt dem tetra- 
ryklischen Grundgerust nach An des Mianserin ein antide^ressives Wirkpotential 
inne. das noch nicht ausgeschopft ist und neue Moglichkeiten der pharmako- 
psychiatrischen Therapie eroffnet. 

Keywords 

Mianserin, minazapine. setiptil»ne ( Org 4428. piperazino-a2epines. tetracyclic 
antidepressants 

Summary 

Mianserin has been on the German market for over 20 years and is the only 
genuine tetracyclic antidepressant available in the large' and changing field of 
tricyclic substances. Being one of the "newer" antidepessants, it is also one of the 
best documented compounds, and it has a safe profile of unwanted side effects, 
even when given in higher dosages. Apart from its effects on mood improvement 
reduction of anxiety and sleep enhancement a number of studies have demon- 
strated its efficacy against other syndromes, especially pain syndromes of diffe- 
rent origin. The introduction of the antidepressant mirtazapine into the 
German market is expected in 1996. Like mianserin, minazapine consists of a 
tetracyclic structure of the piperazino-azepine type but has a somewhat different 
pharmacological profile. The antidepressant properties of minazapine have been 
positively acknowledged and demonstrated. In addition, further developments 
such as setiptiline and Org 4426 show that the beneficial effects of this tetra- 
cyclic structure have not yet been exhausted and new possibilities remain to be 
discovered. 



3. Gchandlungsversuche psych ischcr 
SlOrungen mil Pharmaka aus andc- 
ren psychiatrischen Oder aus nicht- 
psychiatriscben Irtdikationsberci- 
cben. Dabei wurde eine spezielic 



psychoiropc Wirkung enlweder zu- 
fiillig cnldcckt (im ticrcxperimentef- 
Icn Screening oder bci der kluiischen 
Anwcndung) oder aufgrund iheore- 
lischer Oberiegungcn posttdien. 
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Durcb stnikturehemische Vcrtnde- 
rungen UeB sich oftmals die Eignung 
einer Substanx filr das neue Indika- 
tionsgebiet verbessem. Beispicle 
and zahirdcb, etwa die erst en MAO- 
Inhibilorea, die - wie Iproniazid - als 
Tubexkulostatika eingesctzt waren 
bxw. aus diesen htrvorgingen, odex 
die irizyklischen Aniideprcssiva 
(Imipramin), Abkommlinge der 
Neuroleplifca, letztlich also der Ami- 
hisiaimnika. Auch das Amidepressi- 
vum Mianserin isl ein »Nebenpro- 
dukt- der Aniihisiaminikaforschimg. 
Als neuarti^c poicnu'elle Anl> 
depressiva befinden sich Kalzium- 
aniagonistcn. ACE-Hemmer, Korli- 
sol-Synlheseinhibitoron und we Here 
Pharmakagruppcn in dcr Erprobung 
bzw. Enlwicklung (66). 
4. Bchandiung psychischer Erkrankun- 
gen mil neuen Subsianzen, die 
andere als aliens »dirty dru£5« mil 
ihren vielfalngen Rezeptora r finita- 
len. bckanniu : psychoaktive Wirk- 
prinzipien - ctwa auf dcr Basis dcr 
Ammmangclhyrxjihescn - in »rci- 
ncr« Form vcrkorpern Oder modi- 
frziert au r wcisen. Auf dem Ami* 
dcpressivascktor lasscn sich hicr die 
Snhstanzcn dcr »zwcitcn Genera- 
tion* anfubren, eiwa die SSRl snwie 




Abb. la Chemischa Sifukturtorrnel von 
Mianserin 0. 2. 3. A. 10, 14 b-Hexahyttro-2- 
matbyi-dfoefrzo |c*t pyraxmo-n. 2a)-a2epm| 



OTP 

^ N 



Mianserin und seine Verwandieru 
insbesondere Minazapm als aktuelle 
Neuentwtckhing. 



Mianserin: 

Gesch khtlkfae Entwickhmg 

Mianserin wurdc neben einer Reihc 
chemisch verwandlcr Suhstanzen bet 
Orgunon in den Niederlanden als 
Antiallergikum symheiisten. Dem 
Forschungsansaiz lag die Hypolhc$e 
zugrunde. ein Antihislaminikum mil 
zusatzlichcn anliserotonergen Eigen- 
schaficn konntc die nerkommlichen 
Anliallcrgika an Wirksamkcil uhcrlrcf- 
lun (SO). Ttcrexpcrimcniclle Tcstungcn 
Ik Ben - mchr zufallig - vcrhaUens- 
mixlulicrende Eigcnschaflcn dcr Sub- 
slanz crkennen, die auT erne' spczicllc 
zenlralncrvosc Wirksamkcil von Mian- 
serin hinwiescn; diese konntc auch am 
Mcnschen verifizicn werden. Aurgrund 
cumputcrgesiuiztcr EEG-Analysen 
posiulicrlen hil und Miiarbeilcr (Ohcr- 
sicht bci 32) einen aniidepressivcn 
Effekt fur Mianserin und bestaiiguin 
ihn in enlcn kiinischen Priifungen. 

In Deuischland isl Mianserin seit 
1975 als Antidcpressivum (Tolvm 11 *) auf 




Abb.lc Chemiscbe Stfuktu/fofmcl von 
Satiprilm (Tecipiilinl CL 3. 4, 9-TeTrahydr©-2- 
methyl H^ibdti^cTIcydohep^T.2<lPYndinl 
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Abb. lb Chemische Strukiudormct vcr Mir- Abb. Id Chamische Strukturtormel von 

taiapin II. Z 3 4, 10, 14 b-H8*ahyiiro-2- Orp «428 (cis-t. 2. 3. 4. 4* 1 3b-Hexabydro-2. 

methvlpYrazinM2. 1a| pyricic-l2.3cl f2l 50*2. lO-d-methyl -dibem-12. 3:6.7|ojepino[4.5-cl 

azepin) pyridm-aa-oO 



dem Arzneimitlelmarki, sett 1991 wird 
es auch unter.dem Handelsnamen 
Prisma^ angebolen. 



Cfaemische Struktur 
von Mianserin 

Mianserin ' gehort slrukiurchc- 
misch zu den Piperazino-Azepinen 
(Abb. la). Es isl eine tclrazyklische 
Verbindung und zeigt keine chemischc 
Vcrwaadtschafi mil den Aniideprcssiva 
Ifizyklwcher Grundsiruklur. Die Film- 
tablelicn enihalten Mianscrin-Hydfo- 
chlnrid als RazcmaU wobci Ober- 
wicpend das S(+)-Enaniiomer fur die 
Blockade dcr n r Aulore/.cptorcn (vel. 
untcn) und fur die vcrhallcnsmodu- 
Herenden Eigcxischaften in den Do- 
pressionsmodellen veranlwonlich \s\ 
(64). 

Phannakologische Wirk- 
mechantsmen von Mianserin 

Das pharmakodynamische Prx>ni vi>n 
Mbnserin untcrscheidci sich wesonilich 
von denjenigen andcrer Aniideprcs- 
siva: Der hervorstechende AkufefTeki 
von Mianserin ist die Blockade koriikn- 
ler prasynapiischer a r Auiorczeplorcn. 
wodurch vermeJirt Noradrcnalin in den 
synapltschen Spall freigesetzi wird (3). 
Die prasynaptische Wiederaufnahmc 
von Serotonin* Noradrcnalin (im thcra- 
peurischen Dosisbereich) und von 
Dopamin wird nicht becinfluBu Posi- 
synapliscb wirkt Mianserin als mafiig* 
gradiger a r Aniagonist, konikale |V 
Adrenozeptoren werden durch die Suh- 
sianz nicht becinflufit (76). Dagegen 
blockiert Mianserin zentraje posttynap- 
lische Scrotonrn-(5-HydroxytrypLaniiii. 
5-HT-)Rezept0Ten. insbesondere 5- 
HT r und 5-HTr, geringer auch 5-HT,- 
Rezeptoren. Mianserin wirkt als starker 
Histamin-Hr und, auch pcripher. 
(Magenschleimhaui!)* als Histainin-H 2 -' 
Blocker (63). Dagegen werden musk a- 
rinischc Acetyjcholinrezeptoreti allen- 
falls minimal beeinfluBt Anders als 
die trizykltschen Antidcpressiva und 
ebenso wie die spezifischen Seroionin- 
Ruckaufnahmehemmcr zeigi Mianserin 
einen allenfatls unspczillschen Rescr- 
pinantagonismus. 
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Die langcffristige Einwirkung von 
Mianserin fuhrt tierexperimentell ZU 
einer Abnahme der WirksamkeiL von 
Agonisten auf das p-adrenozeptor- 
gekoppehe Adenylatzyklasesyslcm in 
konikalen Neuronen (50). Welche 
Bcdeulung dieser Effekt fur die klini- 
sche Wirksamkeit von Mianserin hat, is t 
nocb unklar. Ahnuches gill fur den Ein- 
fluS von Mianserin auf die Aklivierung 
des Locus coeruleus (Silz der Nor- 
adrenalin-produzierenden Neuronen 
im Gehirn) durch das Corticotropin 
releasing hormone (CRH) (17). Eine 
Abnahme der Dichic postsynaptischer 
(3-Rezeptoren (3-Down regulation) 
wurde ebenfalls mit der antidepressiven 
Wirkung der Aniidcpressiva m 2Uisam- 
menhang geschen. doch isi dicse-Hypo- 
these mittlcrwcilc in Frage gcsielll. da 
unter langcrcr Mianserin- (auch unter 
Viloxazin*)Gabe einc [3-Downregula- 
lion nichl bcobachiei werden konmc 
(5)- 

Antidepressive Wirksamkeit 
von Mianserin 

Untcr den » Aniidcpressiva der 
zweiten Genera lion* gchort Mianserin 
zu denjenigen Subsiaiuen, dercn sum- 
mungsaufhellendcr Effeki besonders 
gut belegt isi (56). Gcgen Plazebo 
wurde Mianserin in mindestens acht 
Efiizienzstudicn mit zusamrnen ctwa 
600 Palienten doppclblind geteslel. In 
fiinf dieser Studien fand sich eine signi- 
fikante Oberlegenheit des Pharmakons. 
KontrolHene Untersuchungen gegen 
irizykh'sche Referenzpraparatc (Ami- 
iriptylin/Nonriplylin. Imipramin. Clo- 
mipramin, weitere verschiedene Trizy- 
klika) fiihrten zu jeweils gleichwertigen 
Therapieergebnissen und Re8en bezug- 
lich Vertraglichkeit und unerwunschter 
Wirkung en zumeist Vorteile fur Mi- 
anserin crkermen (56). Gegenuber 
anderen Aniidcpressiva der »zwcitcn 
Generation- envies sich Mianserin in 
Doppelbhndprufungen ebenfalls als 
jeweils wirkaquivalent bei zumeist 
gleich guter, teilweise auch besscrer 
Vertraglichkeit. Die Verg1etchssubsian~ 
zen waren Maprotilin* Trazodon (56) 
und die spezifisehen SenHonm-Wtcder- 
aiifnahmehemmer Fluoxetine Fluvox- 
aroin, Paroxciin und Ciialopram (19). 
lm Verglcich zu dcrn reversibel binden- 



den MAO-A-Hemmer Moclobemid 
schnitt Mianserin in zwei Doppelblind- 
sludicn an altcren Populationen guns tig 
ab, in einer der Studien waren unter 
Mianserin weniger unexwunschte Wir- 
kungen zu verzeichnen (21, 78). Zwei 
kontroUierte Vergleiche £egen Diaze- 
pam lieficn ein gutes anxiolytisches Po- 
tenlial bei depresstv-angstlichen Palien- 
ten erkennen, in der aniidepressiven 
Wirksamkeii war Mianserin dero Ben- 
zodiazepin erwartiingsgemaB ubcrle- 
gen. Einer Kombination aus Amitripty- 
lin und Chlordiazepoxid erwies sich 
Mianserin cezuglich der aniidepressi- 
ven und der anxiolylischcn Effizicnzals 
gleichweriig (71). 

im Rahmen komroUiener Studien 
wurde Mianserin an arnbulantcn und 
staii onfiren Paticnlen, an Paticnlen mil 
schweren Dcpressioncn und an geriatri- 
schen Palienten geprflfl. Dia^nosiisch 
handehc es sich ganz uberwiegend um 
»major depressive disorders*' nach 
DSM III bzw. DSM-III-R (ctwa der 
endogenen Depression cnlaprechend). 
teilweise aber auch um reaktiv bzw. 
neurotisch depressive SldYungen. Eine 
der wenigen medikamentGsen Thera- 
picsiudien bei deprcssiven Kindcrn und 
Adolcszenten wurde mit Mianserin in 
Form einer ofTcncn Pilots tudie durch- 
gefuhrt (23). Hier lieB sich ebenfalls 
eine gute Wirksamkcil nachweisen; die 
miltieren-ErhaUungsdosen lagen bei 
ca. 1 mg/kg KOrpergewicht. 

Die antidepressive Wirksamkcil von 
Mianserin stent mutlerweile a utter 
Frage, sie ist detjenigen rrizyklischer 
und neuerer Medikamente zur Bchand- 
lung depressiver Stomngen gleichwer- 
iig (56). 



Zur Dosierung von Mianserin 

Als Erhaltungsdosis in der Standard- 
behandlung von Depressionen gilt der 
Bereich zwi schen 60 und 90 mg Mianse- 
rin tnglich, Dieser Dosisbcreich wurde 
auch in der Mehrzahl der kontroDienen 
Wirksamkcirs- und Vergleichsstudicn 
nichl oder nichl wesemlich ubcrschrh- 
ten. Neuerc Untersuchungen lassen 
jedocn erkennen. dafl hoherc Tagesdo- 
sen geeignet sind t den Thcrapieerfolg 
welter zu verbesscrn. In Tabelle 1 sind 
cine Reihe zumeist kontrollierrer Studi- 
en aufgcJLstet, in denen bedarfsweise 



Tagesdosen bis .150 mg und mehr gc- 
geben wurden.' Die in den Arbeilen 
dargeslellten fherapieverlaufe zeigen 
kontinuierlicheiBesserungen. wobet die 
Vertraglichkeit- des Mcdikamenies 
durch Haherdosierung nicht beein- 
(rachiigt wird; msbesondere traten kci- 
ne Blutbildverandenlngcn auf (vgl. 
unien). In einigen Studien (z, B. wird 
fiber einen fruheren Wirkbeginn von 
Mianserin gegenuber der Vcrgleichs- 
subsianz herichleL 

Befunde zur Eliminatinnsgeschwin- 
digkcil von Mianserin beim alrera: Mcn- 
schen sind widerspruchlich. aklucile 
Untersuchungen fanden jedoch gegen- 
llher jungcrcn AHersgruppen keinc Bc- 
sonderhcitcn (4^ 42. 43). Auch beim alle- 
rcn Paticnten kann eine Steigcrun« der 
Tagesdosis ilbcr 90 mg hinaus den llie- 
rapieeffekl gtlnstig bceinriussen (43). > 

Eine Erhaltungsdosis von Mianserin 
zwischen 30 und 90 mg pro die ist nach 
wic vor in den mcLsicn Fallen - zumin- 
desr Tn der ambulantcn Vcrordnung - 
ausnrichend SoMlc sich hicrunter aller- 
dings binncn 34 Tagen kein befriedi- 
gendes Thcrapiecrgebnis cinstellen. so 
erschcim aufgrund der vorlicgendun 
Dalen cine schriuweise Steigcrting der 
Ta^esdosis, im Bedarfsfalle auf bis 
zu 180 mg laglich, emprehJenswert. 
Dicsem Umstand tragi die kurziich er- 
folgte Einfuhrung einer 60-mg-Tab!ette 
fur Mianserin (Tolvin^) Rechnung, 

Zur Frage der Bhitbild* 
veranderungen unter Mianserin 

Erstc Einzel/alle von Lcukozyio- 
penien bzw. Agranulozyiosen unier 
Mianserin wurden Ende der siebziger 
J ah re aus GroBbritannien, sparer auch 
aus dem australisch-neuseelandischen 
Raum beriditet-(K 2, 12, 13, 16. 27, 47. 
57, 60). In Neuseeland ergab die Aus- 
wcrtung im Rahmen des Intensive Me- 
dicines Monitoring Programme lUr den 
Zeitraum von 1*983 bis 1988 eine Inzi- 
denz von Agranulozytosen von 1:1822 
mianserinbehandelter Patienten (]4, 
15). In den Fallen, in denen Mianserin 
als einziges Metfitamcnt cingenommen 
worden war. lag die Inzidenz bei 1: 3461 
(15). tnsgesami wurden drei Todesfalle 
erfaSt. 

Die Haufung dieser Komplikaiion 
scheint ailerdxngs regional begrenzi 
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zu sein: einc umfangreiche briltsche 
Vergleichssiudie ergab einc Wahr- 
scheinlichkcit fur cine Leukopenic 
unter Mianserin wie fur Amilriptylin 
zwischen 1:10000 und 1:100000 (34); 
auch Erbebungen in den alien Bundes- 
landern, u.a. basierend auf Zahlen der 
Deutscheo Aiznenniuelkominission, 
lieBen kcine statistisch zu sichemde 
hdhere lnzidenz gravicrender Blvtbild- 
veranderungen unter Mianserin ge- 
genuber andereti Antidepressiva erken- 
nen (52). Aufgrund der neuseclandi- 
schen Befunde werden m der Bundes- 
republik dennoch wdchemliche Kon- 
trollen des weiflen Bluibildes wahrend 
der crsien Behandlungsinonate emp- 
fohlen. In dicscr Zeit sollie auch 
verstarkt auf Zeichen verrnrndertcr 
Imrminresistenz (fieberhafte Infekte, 
Grippe, Tonsillitiden u.a.) gcachtet 
werden. Bei einer Gesam Ueukazy tcn- 
zabl unter 3000 pro mm 3 ist Mianserin 
abzusetzen und cin Dtffereniialblutbild 
anzufertigen. 

Altere Patienien scheinen von Blut- 
bildverandemngen unier Antidepressi- 
va, auch unter Mianserin, etwas haufi- 



gcr bciroffcn zu sein. Einc Differcnz 
zwischen den Gcschlechtern bestchl 
nichi (14). Die Keaktion, von der sclten 
auch andere BlutzcIIcn betroffen sind, 
fall! bevorzugt in den Zeiiraum zwi- 
schen vierter und sechstcr Behand- 
lunjgswoche. Blutbildvertndeningen. 
ebcnfalls zumeist passager. konnen 
auch unter der Bchandlung mil irizykli- 
schen Antidepressiva auftrelen; auch 
hier sind deshalb regelmaSige Konuol- 
lcn - in mehrwochigen Abslandcn - an- 
gczeigt (5). 

Mianserin: 

Si cfaerfaeh bei Uberdosicrung 

Mianserin hat in Oberdosis nur ge- 
ringe toxische Eigenschaftcn. Es ist 
daher auch bei potenliclter Suizid&e- 
fahr ein sehr »sicheres« Medikament 
(49, 67, 84). im Gegcnsatz zur Uberwie- 
genden Mchrzahl der irizykliscben 
Substanzen und den alieren MAO- 
Hemmcm (9, 25, 55). In Oberdosis 
verursachi Mianserin Mudigkcit, An- 
stieg oder Abfall des Bluldrucks. 



Tachy- oder Bradykardien ohne Ar- 
rhylhmicn (10). bemerkenswenerweisc 
keine epileptischen Anftllc, im Gegen- 
saiz zu Intoxikationen mit trizyklischen 
Antidepressiva oder Maprotilin (38). 
Einzclfllle von intrakanliaJcn Blockbtl- 
dungen (28, 31) und rezidivierenden 
vcnirikularen FibriUaU'onen (30) wur- 
dea beschrieben. 

Therapeutisch sind bei intoxikatio- 
nen mit Mianserin Magenspulung 
(wenn die Tablcttenaufnahme nicht 
langer als vicr Stunden zuruckliegt, 49) 
und ggf. symplomatische MaQnahmen 
indizicrt, ein spczinsches Antidot ist 
nichi bekannt: 



Gibt es weitere Indikarionen 
for Mianserin? 

Nebcn depressiven und depressiv- 
angstlichen Versiimtnungszustflnden 
sind weitere indikalionen fur Mianserin 
denkbar. die sich aus den Angriffsorien 
der Substanzian verschiedenen zenua- 
icn Rezeptoren ergeben (vgl. oben und 
65). teilweise alkrdings erst tierexperi- 
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mcntcU gelestet wurden, Z.B. Erbre- 
chcn. Opiatenlzug oder Aggressmtat. 
Huxnanstudicn liegen vor zur Wirksam- 
keU. bei primiiren AngststSmngen 
(6, 58), zur Bchandlung schizophrener 
Negativsyndromc in kombinieitcf 
Gabe mil Ncuroteptika (51). zu Schlaf- 
stSrungen (48, 54) und Zwangssxonm- 
gen (36, 79). Scbon fruhzeuig wurde die 
Substanz auf ihrc migra^rophytaklt- 
schc Wirksamkeil geiesiet (61). Es foig- 
ic erne Reihe konirollierter Studien zu 
dicscr (53) und andcrcn lndikalioncn 
aus dem Scbmerzhcrcich wic Tbcrapic 
von Migranc und Spannungskopi- 
schmer* (20). chronischem Spannungs- 
kopfschmerz (40), diabctischer (Poly ) 
Neuropathic (72), chronischem uhopa- 
ihischcm Schmer/. als Symptom ciner 
*larvierten« Depression (81) und chro- 
nischen Schmerzen unlerschicdlichcr 
Gencse (59): die drci lelzlgenannien 
Studien crbrachien negative Ergebnis- 
sc. Manna el al. (44) fanden in eincr 
Vergleichsstudic zu Ruvoxamin cine 
g uic Wirksamkeil von Mianserin gegen 
maOiggradige Spannungskopfsclvmer- 
zen bei Oepressionen. Bei relaliv 
niedrigcr Tagcsdosierung (30*0 mg) 
war Mlanscriij gCgcn Spanflunnskcipf- 



gJmer xcn: nicht jedocn gegen Krcuz- 
sSnwzcn Plazcbo signifikant Uber. 
legen(41). 

Insgesami lagen in den gcnannien 
Schmerzsiudien die Tagesdosen von 
Mianserin zwischen 30 und 90 mg. also 
im unleren bis miuteren Iherapcutisch 
empfohlcnen Bereich. Tanum (77) 
tesietc in einer Pilolstudi*; Mianserin 



in Tagesdosen zwischen 90 und 120 mg 
erfotoetch gegen chronische idiopatht- 
sche Schmerzen des Abdomens, wozu 
auch FSlle mil irritablem Kolon gehort 
haben durften. Unter der gleichcn Indl- 
kation waren die xuedrigeren Dosen m 
der Studie von Loldmp ex aL (41) went- 
gef eflizienu . 

Mianserin erscheint somit gut wrrk- 
sam in der Migraneprophylazc f gegen 
akute MSgrane. gegen mafiiggradige 
SpannirngskopCschnierzen und, m 
hdherer Dosierung, moglichcrwetsc 
auch gegen psychosomaiische abdonu- 
nclle Schmerzen (z-B. Colon iniiabile). 



Eioe aktueilc Ncuentwicklmig: 
Mirtazapin (Org 3770) 

EiTie weitere telrazylclische Verbiu- 
dung aus der Reihe der Pipcrazmo- 
Azcpine, fur die erne antidepresswe 
Wirksamkeil nacbgewiesen wurde. ist 

Mirtazapin. . 

Diese Verbindung unlcrschcidel sich 
von Mianserin siruklurchcmisch durch 
den kondensierten Pyridinring (stall 
des kondensierten Benzolringes); aus 
der starken Interaktion des zusSlzlichen 
Slickstoffatoms mit dem benachbarten 
Sticksloffalom r^.iltiert em erhebr 
jjcjiei 17nlf™* ied - zwischen beiden 
Verbindungen in der 



ng der 



> cr vi j *<u ** • **« " — 'erteiiurv 
Elcklronendichie d^mii aii 
den ph ^rmflkologischen Eigcnschaftcn 

(Abb. lb). * ~ 

Bei den pharmakokmetiscnen Eigen- 
schaften liegt der Unierschicd in der 



boberen Bioverfugbarkeit von Mirtaza- 
pin (Tab. 2). . 

PbannakodTzzamtsch ist Mirtazapin 
wie Mianserin cin a 2 *Antagonist, 
bewirkt also ' ebenfalls Uber den 
prasynaptischea a^rAutorezeptor eine 
Anreicherung von Nor adrenalin im 
synaprischen Spalt (Blockade des nega- 
tiven Feedback in die prasynapusche 
Zelle) (Abb- 2). Ebenfalls uber cine a r 
Blockade kommi es zu einer verstark- 
ten Aktrviiai scroloncrger Neuronen, 
vermttielt durch a r Rezeptoreh auf 
diesen 2ellk6rpem; im Gegensatz zu 
Mianserin beshzt Mirtazapin nur emc 
schr schwache a r adrenolytische Po- 
tenz, so daB hier das frcigeselztc Nor- 
adrenalin mil diesen Rczeptoren nahc- 
zu uneingeschranki inieragicren kann. 
Schliefllich wird uber eine Blockade 
auch der a r Hcierorezcptoren an den 
scrotoncrgen prasynapttschen Mcny 
branen durch Mirtazapin (nicht aber 
durch Mianserin) die terminale Freiscl- 
zung des Scrotonins geforderl. Das frei- 
gcsclzte Serotonin (5-Hydroxytrypl- 
amin = 5-HT) wirkt nun agonisiisch auf 
posisynaptische 5-HT r Rczeploren, 
was mil der antidepressiven Wjrksam- 
keh in Zusammenhang gesehen wird. 
wohingegen die posisynaplischen 5- 
HTj- und 5-HT r Rczeptoren durch 
Mirtazapin blockicrt werden; die 
5-HT r Blockade wird mil der schlafver- 
bessemden und anxiolytischen, die 
5-HTrBlockadc ebcnfalb mil der 
anziolyiischcn Wirkung in Verbindung 
gebracht (18). Des weiieren verhindert 
die Blockade der 5-HT r und der 
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Abb. 2 Schenwscbe Darsi&llung des pharmakologischon Wirkmechanjsrous won Mirtazapin. in oer Afcbtitfunq mn ctern Handcfcnainen tur die 
BRO (Rctnergif*) bezeichnet NA= Naiodrenahn, 5-HT= 5- Hydroxy try pi amm = Seioionin 



5-HTrRezeploren unerwunschte Be- 
gletteffekte aufgrund unspezifischer 
Serotoninstimulaiion, wie sic ctwa 
unter selektjven Serotonin-Wiederauf- 
nahmehemraem (Nausea, Unrahcv.u- 
stande), MAO-Hemmcrn (Unruhe) 
imd Venbfaxin (Nausea) bcobachtet 
werden. 

Der wesentlichc Wirkunterschied 
rwischen den beiden tetrazyklisehen 
Substanzen bestehl also dartn, daB 
Mirtazapin tusatzJich zu der norad* 
renergea Wirkung (wie Mianserin) eine 
ausgepragte serotonerge Wirkung auf- 
weist, die sich spezifisch Uber den 
5-HT r Rezeptor entfahet. Die Wirk- 
gruppe, der Miriazapin - neben evil, 
andcrcn Substanzen - angehOrt, wird 
deshalb ais »/Voradrenalin and Specific 
Serotonin Antidepressant* - NaSSA - 
bezeichnet (wohl in Anlehnung an den 
Terminus der ^Selective Serotonin 
Reuptake Inhibitors*. SSRl). 

Mirtazapin wurde in konlrolliertcn 
Studicn auf seine kJinische Wirksam- 



kat gegen depressive Slorungen ge- 
pruft. Die "Tagesdosen in diesen 
Studien, die (8/95) ersi ram Teil publi- 
ziert sind, lagen zwischen 15 und 60 mg. 
Gegenuber Plazebo zcigtc sich eine 
signifikante Oberlegenheit (11, 83). 
Die stimniungsaufheHende Wirkung 
war derjenigen von Standardanlide- 
pressiva wie Amitriptylin (7, 75, 86), 
Clomipramin (68) und Doxepin (45) 
ebenburrig, derjenigen von Tnizodon 
uberlegen (82). Die Uniersuchungskol- 
Icktive umfa&ren unter anderem Pa- 
tiemen mil sehwercn Depressionen 
(Hamilton-Summenseore Uber 25) und 
stationary Palienlcn (82,86). 

Auch auf Angstsymptomc und 
Schlafstorungen im Rahxnen deprcssi- 
ver Erkrankungen hat Mirtazapin einen 
gunstigen £influ&\ wie aus Mciaanaiy- 
sen der plazebo- und amiuiptylinkon- 
irollierten Studien hervorgeht (74). Der 
positive EinfluB auf kliniseh relevante 
Schlnfparameicr war bereits in tiercx- 
perimcntcllcn Studien und an gesunden 



Proband en (69) gczeigt worden. Prima- 
Angslstonmgen sind cincr Therapic 
mit "Mirtazapin gut zugangJich (73). 
doch bedarf diese Indication - auch 
wegen ihrer klinisch-praktischen Be- 
dcutung - der Best2tigung durch wei- 
tere Studien auf der Basis von ICD40- 
oder DSM-Kriierieu. 

Beim Vergleich der Vertriig!kfckeii 
von Mirtazapin mit Araitriptylin ergab 
sich kein Oberwiegcn unerwunschier 
Effekte, insbesondere fchlien and- 
cbolinerge Begieitwirkungen bei Mirta- 
zapin nahezu vollstandig. Im Plazebo- 
vergleich tratcn Sedierung, Appetit- 
s[eigerung t Mundlrockenhcit und Ge- 
wichtszunabme unter Verum haufiger 
auf, unter Plazebo uberwogen Kopf- 
schmerzen und Gewjchtsrcduktion (74). 



Weitere Neuentwicklungen 



Scit J 989 ist cine weitere tetrazykii- 
sehe Verbindung in Japan 2ugelassen, 
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Setiptffin odor Tedptflin (Org 8282 
odCT MO 8282, japanischer Handels- 
name Tecipul, Abb.lc), das Eigen- 
schaftcn von Mianserin (potenter 
Serotonin-, Histamin-H,- und prf- 
synaplischcr a r Antagonism us) mil 
emer Noradrenaline Wied erauf nahme- 
inhibition vereinigL Die Hmuna lions* 
Halbwertszrit betrtlgt ca, 11 Slundcn, 
gebrfuchliche Tagesdoscn bewegen 
sich rwischen 6 und 9 mg. Es licgen 
Wtrksamkeitsnachweise den lndika- 
tionen »Deprcssioncn« (37) und »Ncga- 
tivsympiome dcr Schizophrenic-* (39) 
vor. 

Einc ebenfalls icirazyklische Sub- 
stanz in Analogic '/ur Strut lurkhissc 
dcr PiperazintKA/.cpinc ist derail ate 
Anlidcpressivum in Phase III dcr klini- 
schen Erprobung (Org 4428, Abb. Id). 
Es handch sich. gcw^scrmaBcn als 
Gcgensitlck y.u den SSRI. urn eincn 
sctek liven Nimidrcnahrt-WUrdcriiuf- 
nahmehemmcr (70). lm Sinnc dcr cm- 
gangs crwahntcn frVerlcincriing* sind 
daher kaum Imeraklionen mil andcren 
Rezeptorcn zu erwaricn. Insbcsondcrc 
zcigl Org 4428 im Gcgcnsal/ zu iri- 
zyktischen Noradrcnalin-Wicdcrnuf- 
nahmchemmern wie Dcsipramin Oder 
MaprotUin keinc aniicho liner gen 
EfTcktc, auch fehlt cine sedierende 
Beglettwirkung. 

Weitere Verbindungcn, die Stmkiur- 
varianlen von Mianserin darstctlen, 
sind als Migrant* milicl und -proph ylak- 
tika bzw. als AmidepressJva mil guien 
anxiolyiischcn Eigcnschaftcn in dcr 
Erprobung. 



Schlulibemer ku n g 



Mianserin hat sich mtillerwcilc tiber 
20 Jahre Jang in der Therapie depressi- 
ver Storungen bewahrt, und es schien 
verwunderlicK, dafl dcr groBcn Zahl 
eingefuhrter trttyklischer An udep res- 
si va bislang nur em »cchtes« Telrazy- 
kJikum gegeniibersiand. Nnnmchr Tor- 
mien skh, ausgehend von Mianserin, 
ein neues Arsenal zur Therapie deprcs- 
aver Siorungen, Wahrend die Trr/ykli- 
ka hinsichtlich ihrer iherapeulischen 
und Venrtgltchkeitscigcruchaflcn cine 
rclaiiv horaogene Cruppe hildcn. brin- 
gen strukturchemische Variaiionen des 
TeurazyklUcums Mianserin cine Reihc 
ncuer Eigenschaften hervor, die Ihcra- 
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pierclevanl sind and gleichzeilig eincn 
FortschriU im Sinne besserer Verlrag- 
lichkeit bedeuten. Den theoretischen 
Hinicrgrund fur den postulierten 
klinischen Wirkmechanismus bilden 
weilerhin die Aminmangclhypoihesen, 
die allerdmgs hier in weilgchend 
»reiner«, im Falle des Mirta2apsnssogar 
in kombiniener (Noradrenalin und 
Serotonin) Form verwirklichi sind. Das 
ihcrapcmischc PotcniiaL das der 
tetraxyklischcn Grundstniklur des 
Mianserin inncwohnt, isi ofrenkundig 
noch nicht ausgeschopft Es crflffnen 
skh hier neve, zwcifellos viclvereprc- 
chendc Moglichkeilcn fUr die Pharma- 
kolhcxapie in dcr Psychiatric und 
vtcllekht auch fur wciicrc Gcbicte der 
medikamentttsen Bcharullung. 
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